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FJDE'I'_I_'I'ER - _ ORBITER UIIP _ CX)NSTRA]3q'_
IOI_W_ TO SUI_ACE

THIS FIGURE ILLUSTRATES THE EFFECT OF ARTERNA BEAMWIDTH ON THE MAXIM[_ DISTAIqCE

ALLOWED WHILE B_LDIIqG A CONSTANT LINK GAIN MARGIN OF +13 DB.

THE CASE OF THE LUNAR ORBITER UHF RECEIVING ANTERNA POINTING ROI_EL TO THE

LUNAR SURFACE AT THE TIME OF _METER IMPACT WAS SELECTED BECAUSE IT ALLOWS

GREAT_.ST VISIBILITY OF THE OVERALL COMMUNICATIONS PROBLEM. THE ARTERNA IS

CONICAL WITH A CIRCULAR CROSS-SECTION. THE MAXIIJM UHF ANTERNA GAIN IS LIMITED

TO +16 DB (26 DEGREES B_%MWIDTH) TO PROVIDE REALISTIC LIMITATIONS OF SIZE AND

WEIGHT TO _R ADDED _ THE LUNAR ORBr]_R SPACECRAFT.

THE C011CI2JSIONWAS THAT GROt_D COVERAGE WAS APPROXIMATELY CONSTART AND COULD

NOT BE IMPROVED SIGR]_ICARTLY BY CHANGING AI_E_NA _.

mile-4' I ,,,o,  z-loo69o-2
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PENETROMETER - LUNAR ORBITER UHF ANTENNA C_)NSTRAINTS

INCLINED ANTENNA

THIS FIGURE INDICATES THE EFFECT OF ANTENNA GAIN AND BEAMWIDTH ()N RANGE AND

PATH LENGTH AT VARIOUS SPACECRAFT ALTITUDES NECESSARY TO HOLD A CONSTANT LINK

GAIN MARGIN OF +13 DB FOR THE LUNAR ORBITER UHF ANTENNA POINTING 30 DEGREES

FROM THE NORMAL TO THE LUNAR SURFACE AT THE TIME OF PENETROMETEN IMPACT. THIS

POINTING ANGLE ALLOWS THE PENETROMETER IMPACT AREA TO LIE AHEAD OR BEHIND THE

SPACECRAFT POSITION AT THE TIME OF PENETROMETER IMPACT.

THE INCLINED POINTING ANTENNA DOES NOT ALLOW A GREATER GROUND PATH COVERAGE

THAN THE FIXED NORMAL POINTING ANTENNA DUE TO THE REQUIREMENT OF A LOWER ALTI-

TUDE FOR THE SAME BEAMWIDTH.

,BmilA ' I .o.  -a.oo69o-a
I s.. ]/.2
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VIEWING TIME CAPABILITY - REALIZABLE, FIXED A}_FENNAS

THE VIEWING TIME IS THE TIME PERIOD WHEN THE PROJECTED ANTENNA PATTERN COM-

PLETELY COVERS A ONE KILOMETER PATH LENGTH ON THE LUNAR SURFACE. THE MAXIMUM

VIEWING TIME FOR EITHER THE 30 DEGREES INCLINED OR THE NORMAL POINTING FIXED

ANTENNAS IS APPROXIMATELY 12 SECONDS. FOR THE SAME ALTITUDES, THERE IS NO

SIGNIFICANT ADVANTAGE OF THE INCLINED OR _K)RMAL POINTING ANTENNA. THE REASON

IS THAT, FOR THE SAMZ ALTITUDE, A NARROWER BEAM ANTENNA IS REQUIRED FOR THE

INCLINED AI_fENNA IN ORDER TO MEET THE GREATER .RANGE REQUIREMENTS.

VIEWING TIME CAPABILITY - REALIZABLE, SWEEP ANTENNAS

THIS FIGURE INDICATES THE VIEWING TIME CAPABILITY FOR DIFFERENT BEAMWIDTH

ANTENNAS, WHICH COMPLETELY COVER A ONE KILOMETER PATH LENGTH WITH A SWEEP FROM

-30 DEGREES FROM THE NORMAL TO +30 DEGREES FROM THE NORMAL TO THE LUNAR SUR-

FACE. THE SWEEPING ANTENNA ALLOWS SIGNIFICANT VIEWING TIME INCREASE OVER THE

FIXED ANTENNA CASE (35 SECONDS VERSUS 12 SECONDS ) BUT REQUIRES ADDED SPACECRAFT

COMPLEXITY DUE TO THE SWEEP MECHANISM AND PROGRAMMING.

_'aw_'JN_' I .o. I_2-100690-2
Is.. ll_
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/kV REQUIRED FOR TRANSFER TO HOLDING ORBIT

THE VELOCITY REQUIRED TO TRANSFER FROM THE APPROACH HYPERBOLA TO THE HOLDING

ORBIT (THE TOTAL TRANSFER _V) IS SH(_JN. THIS REQUIREMENT IS THE SUM OF THE

REQUIREMENTS FOR INSERTION (AV1) , TRANSFER TO THE HOLDING ORBIT (/kV2), AND

ll0 METERS PER SECOND FOR MIDCOURSE AND ORBITAL CORRECTIONS.

SPACECRAFT /kV AVAILABLE

THIS FIGURE GIVES THE SPACECRAFT AV CAPABILITY FOR SPACECRAFT WEIGHT RANGING

FROM 900 TO 1020 POUNDS. THE TERM SPACECRAFT WEIGHT, AS USED HERE, INCLUDES

THE DELIVERY VEHICLE WEIGHT. THE VELOCITY CAPABILITY IS BASED ON THE NOMINAL

LUNAR ORBITER PROPELLANT WEIGHT OF 262 POUNDS, AND THE GUARANTEED MINIMUM Is

OF 27O SECONDS.

_Pmmr1,t_g I.o. D_-I00690-2

Is.. 120
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HALF ORBIT PHASING

PHASING ORBIT PERILUNE ALTITUDE

THIS CHART GIVES THE PHASING ORBIT PERILUNE ALTITUDES FOR PRIORITIES ONE AND

TWO. THERE IS NO PHASING REQUIREMENT FOR PRIORITY _"_TREE. THE SEVEN-SECOND

DIFFERENCE IN DESCENT TIMES REQUIRES THE PRIORITY TWO PHASING ORBIT PERILUNE

ALTITUDE TO BE ABOUT 2 KILOMETERS HIGHER THAN THE PRIORITY ONE ALTITUDES. DE-

PENDING ON THE APOLUNE ALTITUDE, PHASING ORBIT PERILUNE ALTITUDES RANGE FROM

ABOUT 40 TO 60 KILOMETERS. USING THIS PHASING SCH_4E, THE BUS IS BARELY _ITH-

IN COMMUNICATION RANGE FOR PRIORITY ONE, BUT _;ELL WITHIN RANGE FOR PRIORITY

TWO.

HALF ORBIT PHASING

PHASING AV REQUIRED

THE HALF ORBIT PHASING IS REPRESENTATIVE OF SCH]_4ES WITH LOW VELOCITY REQUIRE-

MENTS. THE DELIVERY VEHICLE IS SEPARATED FROM THE BUS NEAR APOLUNE OF THE

HOLDING ORBIT. WITH THE SAME IMPULSE, THE DELIVERY VEHICLE IS PLACED IN THE

DELIVERY ORBIT. IMMEDIATELY AFTER THIS, THE BUS TRANSFERS TO THE PHASING

ORBIT. HALF AN ORBIT LATER, AT PERILUNE, THE BUS IS OVERHEAD AS THE PENE-

TROMETERS STRIKE THE SURFACE.

THIS CHART GIVES THE VELOCITY REQUIRED TO TRANSFER FROM THE HOLDING ORBIT TO

THE PHASING ORBIT. SINCE THE PRIORITY I_O ORBITS ARE LARGER THAN THE PRIORITY

ONE ORBITS, THE VELOCITY REQUIR_4ENTS ARE FROM 0.5 TO i.O METER PER SECOND

HIGHER.
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PRIORITY TWO: DELIVERY VEHICLE WEIGHT

THE DELIVERY VEHICLE ',;EIGHTS USED IN THIS STUDY WERE GENERATED FROM AN ANALYTI-

CAL MODEL. USING THIS MODEL, THE WEIGHT IS DETERMINED BY THE NUMBER OF PENE-

TROMETERS CARRIED, THE CO_ICATION _JEIGHT REQUIRED, AND THE REQUIRED VELOCITY

CAPABILITY. BECAUSE THE DELIVERY VEHICLE DESCENT BEGINS AT PERILUNE, THE VE-

LOCITY REQUIRED TO INITIATE THE FREE-FALL IS EQUAL TO THE PERILUNE VELOCITY OF

THE DELIVERY ORBIT. FOR A FIXED PERILUNE ALTITUDE, PERILUNE VELOCITY AND CON-

SEQUENTLY DELIVERY VEHICLE WEIGHT INCREASE WITH APOLUNE ALTITUDE. THIS FIGURE

GIVES THE DELIVERY VEHICLE WEIGHT AS A FUNCTION OF APOLUNE ALTITUDE FOR THE

PRIORITY TWO MODE.

PRIORITY TWO: ZIV AVAILABLE FOR PHASING

IN ADDITION TO THE TOTAL TRANSFER /kV REQUIREMENT, VELOCITY MUST BE BUDGETED

FOR THE PHASING MANEUVERS NECESSARY IN PRIORITIES ONE AND %_40. ANY DIFFERENCE

BE_4EEN THE REQUIRED AND AVAILABLE /kV THEN REPRESENTS THE ZIV AVAILABLE FOR

PHASING. FOR PRIORITY THREE MISSIONS, THIS ZIV DIFFERENCE IS EXCESS CAPABILITY.

THE VARIATION OF THIS AVAILABLE PHASING /kV WITH APOLUNE ALTITUDE IS SHOWN FOR

A PRIORITY TWO CASE. VARIATIONS FOR TWO ATLAS/AGENA PAYLOAD LIMITS, 950 AND

I000 POUNDS, ARE ALSO SHOWN. IT CAN BE SEEN THAT THE PAYLOAD LIMIT IS THE

"OPTIMUM" SPACECRAFT WEIGHT. FOR A SPECIFIED PHASING fkV REQUIREMENT, THE MAXl-

MUM NUMBER OF PENETROMETERS CAN BE DELIVERED IF THE SPACECRAFT IS AS HEAVY AS

POSSIBLE. IN THE R_4AINDER OF THE S_JDY, THE i000 POUND ATLAS/AGENA PAYLOAD

LIMIT IS USED.

NO. D2-I00690-2
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PRIORITY ONE: MAXIMUM AV AVAI!A.RLE FOR PHASING

THIS CHART PRESENTS THE MAXIMUM PHASING AV AVAILABLE FOR A PRIORITY ONE MIS-

SION. SINCE THE ORBITER BUS WEIGHT HAS NOT BEEN COMPLETELY DETERMINED, IT

MUST BE TREATED AS AN INDEPENDENT VARIABLE. ONCE THE BUS WEIGHT IS DETERMINED,

THE _ OF PENETROMETERS THAT CAN BE DELIVERED AND THE PHASING AV ARE DE-

FINED.

PRIORITY ONE: OPTIMUM HOLDING ORBIT APOLUME ALTITUDE

BECAUSE THE SPACECRAFT WEIGHT IS FIXED AT iOOO POUNDS, EACH APOLUNE SHOWN IS

UNIQUELY RELATED TO A BUS WEIGHT AND ZiV COMBINATION. INCREASING THE APOLUNE

ALTITUDE REQUIRES AN INCREASE IN THE DELIVERY VEHICLE WEIGHT. FOR A SPECIFIC

BUS WEIGHT, THE NUMBER OF FENETROMETERS MUST BE DECREASED TO MAINTAIN THE lO00

POUND SPACECRAFT WEIGHT LIMIT. IF APOLU_E ALTITUDE IS DECREASED, THE DELIVERY

VEHICLE VELOCITY CAPABILITY EXCEEDS THE REQUIREMENTS.
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PRIORITY TWO: MAXIMUM /kV AVAILABLE FOR PHASING

THIS CHART GIVES THE SAME INFORMATION FOR THE PRIORITY T_O MISSION AS SNDWN

PREVIOUSLY FOR PRIORITY ONE. SINCE THE REQUIHED COMMUNICATION EQUIPMENT IS

HEAVIER, FEWER PENETROMETERS CAN BE DELIVERED P0R A SPECIFIED BUS WEIGHT.

PRIORITY TWO: OPTIMUM HOLDING ORBIT APOLUNE ALTITUDE

APOLUNE ALTI%_JDES CORRESPONDING TO THE PHASING /kV ARE SHOWN.
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PRIORITY THREE: MAXIMUM /kV AVAILABLE

THE DATA SHOWN HERE ABE SIMILAR TO THE PHASING /kV DATA GIVEN FOR PRIORITIES

ONE AND T_O. SINCE THERE IS NO PHASING REQUIREMENT, THE DIFFERENCE BETWEEN

THE AVAILABLE AND REQUIRED /kV IS EXCESS. THE HEAVIER COMMUNICATION EQUIPMENT

REQUI_D FURTHER REDUCES THE NUMBER OF PENETROMETERS THAT CAN BE DELIVERED.

PRIORITY THREE: OPTIMUM HOLDING ORBIT APOLUNE ALTITUDE

THE APOLUNE ALTITUDES SHOWN HERE FOR THE GIVEN BUS WEIGHTS CORRESPOND TO THE

EXCESS /kV DATA DESCRI;_D ABOVE.
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LUNAROHEITI[RPROGRAM MAY19less
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Subject:

Hatlonal Aeronautics and Space Ad_istratlon

Lan61ey Research Center

Lunar Orbiter Program

ATe: L.W. Fitchett, Contracting Officer

Building 1221

I. O. MacConochie, Technical Manager

Building 1232

Langley Station

Hampton, Virginia 23365

Contract NASI-6216, Report of Meetings between

NASA and Contractor personnel held 26-27 April

1966 concerning Study Contract of Lunar Orbiter

Adaptability to Experiments to Evaluate Lunar
Surface Characteristic s

I. The purpose of this letter is to submit, for NASA's concurrence,

subject meeting report which describes the experiments to be used by

the Contractor in the study of the Lunar Orbiter's adaptability to

perform experiments to evaluate Lunar surface characteristics.

2. The attachment to this letter is the report of the subject

meetings and the Contractor considers the report to be a complete

and accurate description of those experiments.

3- The Contractor requests formal NASA concurrence that the

experiments described in the attachment are those to be studied
bythe Contractor udder Contract KAS1-6216.

_[E BOEING COMPANY

Spacecraft Systems

Attachment

. co: K. L. Wadlln
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REPORT OF MEETINGS HETWEEN NASA, l_C AND BOEING PERSONNEL

APRIL 26 and 27, 1966

concerning study contract of Lunar Orbiter Adaptability to

experiments to evaluate lunar surface characteristics

NASA representatives reviewed the current status of each experiment.

Boein_ representatives reviewed the experiment data to be obtained

and discussed the manner in which the planned study would be conducted.

This was followed by a question and answer session and finally a

detailed listing of the characteristics of each experiment which was

to be used in the study. The above meetings covered two days. The

following paragraphs briefly describe the discussions.

Ground Rules

The following general ground rules were discussed:

a) This stud_ is uf the Lunar Orbiter adaptability to the experiments.

b) Each of the experiments should be treated impartially as though

the data obtained were of equal value.

c) The funding level of the study does not permit including work on

experiment design except in a parametric manner, e.g., to size

the required rocket motors. Evaluation of the scientific aspects

of the experiments is the responsibility of the NASA-LRC.

Penetrometers

Aeroneutronics Division of Philco is presently under contract and will

deliver a final report soon. The LF_M application for the penetrometer

is being funded on a continuing basis. The Space General work on a

delivery system from a CSM is being dropped.

In the LEM application, 8 of the devices are kicked out 1500 to 2000 ft.

over the lunar surface and are intended to impact in the landing area

(although the trajectories are a current problem area) and telemeter

data back to LEM to be eva.l.umted prior to the LEM "decision to abort"

altitude is reached.

There is some work going on at L_y on a lighter weight device, but

it is not available for this study.

Boeing person-el discussed the flight mechanics of delivering the

pemetrcmeters to the lunar surface and the errors involved in an open

loop spin stabilized concept. The conclusion was ree_hed that errors

in knowledge of the lunar reference datum precluded this a_roach from

giving acceptable impact velocity dispersion. Also that semi-soft

lamdimg techniques sensing altitude were required for the delivery vehicle.
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Penetrometers (Continued)

Appendix A is a detailed description of the penetrometer experiment and
is to be the basis of the Boeing study. Concurrence by the NASA is
requested. Appendix D explains the weight calculations.

Ylare

Douglas has completed two contracts on the "Early Lunar Flare;" the

latter was to provide calibration data. The primary objective is to

provide surface bearing strength. A secondary objective is to provide

chemical composition. It is to be considered as an added payload to

the present L/O mission to obtain high resolution photos. In concept

the flare could be implemented by an arrangement similar to Figures I and 2.

The principal problems to be studied by The Boeing Company are to

determine the _V requirements such that the flare can be seen from
the orbiter and the data can be retrieved.

Appendix B is a detailed description of the Flare experiment and is to
be the basis of the Boeing study. Concurrence by the NASA is requested.

Balloon

The balloon (low density impacter) was conceived at langley and postu-

lares a signature on the lunar surface - either by an impression or by

albedo change - caused by the impact. High resolution photography of

the impact area before and after could provide information about the
surface. No calibration test work has been done. No plan exists at

this time to develop the concept further.

Boein_presentedananalysis of craterin6 depth showin_a range from
.0006 cm for a granite surface to 30 cm for a polyurthane foam material.

The paper was taken back to Ea_ey for the informLtion of Dr. Brooks
and Dr. Katzoff.

Appendix C contains a detailed description of the Balloon experiment

and is to be the basis of the Boei_ study. Concurrence by the NASA

is requested.
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APPENDIX A

P_%'E_)METER EXPERIMENT DESCRIPTION

i. Objective

e

e

e

e

_3_e objective is to obtain time history of deceleration of impacting

accelerometer to obtain bearing strength. Priority of studies with

regard to communications link is: (1) Penetrcmeter to Lunar Orbiter

to Earth, (2) Penetrometer to delivery vehicle relay to Lunar Orbiter

to Earth, and (3) Penetrometer to relay to Earth.

Mission

The principle mission is to obtain penetrometer data.

capability is required.

EE_eriment Constraints

a.

e

be

C.

No photographic

Nomlnal impact velocity of 150 ft/sec + 5%j knowledge of

velocity.

Impact angle<30 degrees to vertica4knowledge of angle ! i0_.

Impact within i0 KMarea limit of site.

d. Spin rate up to 50 rpm permitted.

Government Furnished Information and E_uipment

ae

be

Results of Philco study and copy of final report. Use Philco

penetrometers for study.

Results of Space General study and one copy of oral presentation

booklet. Scale down payload to penetrometers only for this

study.

c. Langley memorandum of January 6,

drawings.

Additional Equipment

a.

be

1966 and other notes and

Antennas for first and second priority objectives are to be

slzedbyBoelng.

Requirements for a recorder are to be determined.

Detailed Characteristics of the Pene_ter Pertinent to the Stud_

a. Number of Penetrometers 8 Philco Study

b. Nominal Diameter (each) 8.5 Inches
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(Continued)

c. Sensing and Transmitting Error

c. Transmitting Frequency

do

f.

g.

h.

i.

J.

k.

Transmitter Power

Weight

Modulation

Transmitter Peak Deviation

Transmitting Antenna Gain

Transmission Circuit Loss

Polarization Loss

+ 7._%

_35 _z " 456 _z

in 3 _Z increments

O. 5 Watts

2.3 Kilograms/Penetromete_

+ 160 KHZ

- 3.0 db, + 1.5 db

- 1.O db + 0.5 db

- 3.0 rib, + 3 db - 0 db

Penetrometer Communication Requirements for Priority (11 -

Penetrometer - Lunar Orbiter - Earth _tion

8e

bo

The communication llnk characteristics are based on the Philco

s tudy:

Receiver _reshold SNRIF

System Noise Figure

Desired Margin (IF)

Total Error - PJ4S

12db

6db

13 db minimum

The basis for the Boeing study is the following:

1. Determine suitable VHF antennas for the Lunar Orbiter with

the followi_ assumptions.

Frequency Range

Gain

Polarization

Load Iml_dmnce

Allowable VSWRReceiver

_3o _z to 46o _z

Maximum, consistent with

coverage requirements

V - Linear

K- Linear

50 -- ohms

2:1
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A. 7. b. (Continued)

.

e

Q

A baseband of eight subcarrlers between 12.8 KHZ and

70.8 KHZ each F_with deviation + 2 KHZ.

Determine need and characteristics of interface

equipment.

Determine need and characteristics of recorder.
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Ao e (Continued)

c. Additional equipment weight to be installed on Lunar Orbiter:

Weight Su_nar 7

GF_ (_iZco)

Additional Equipment

No. of Penetrometers

2 _ 6

8.2 14.4 20.6 27.0

6.e 7.2 8.1 9.0

Total, Lbs. 14.4 21.6 28.7 _.0

d. Detailed breakdown:

2 4. 6 8

GFE Philco

Preamplifier 0.4 0.4 0.4 0.4
Power Divider 0.4 0.4 0.4 0.4

RF Switches 0.4 0.4 0.4 0.4

Receivers 2.0 4.0 6.0 8.0

Diversity Sel. 0.5 i.O 1-5 2.0
Subcarrier Demod. 0.4 0.8 1.2 1.6

Subcarrier Osc. 0.5 1.O 1.5 2.0

Power Reg. 0•3 0.3 0•3 O.3
Battery, 28 V,

67 W - Hrs 0.9 1.75 2.6 3.5

Control and J Box 0.3 0.3 0.3 0.3
Connect_rs and

wiring z.4 2.7 4.0 5.4
Miscellaneous 0.7 1.3 2.0 2 -7

Subtotal, Lbs. 8.2 14.35 20.6 27.0

Additional Equipment

(2) Rec. Antennas

Interface Equipment
Recorder
Miscellaneous

Subtotal, Lbs.

2.0 2.0 2.0 2.0

o.7 1.3 1.9 2.5
3.o 3.o 3.o 3.o
0.5 0.9 1.2 1.5

6.2 7.2 8.1 9.0
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A. .

.

(Contlnued)

e. Langley Research Center will provide output voltage level range
requirements and the Philco Final Report on Penetrumeter Study.

Deliver_ Vehicle Weight for Priority (iI - Penetrometer to Lunar
Orbiter to Earth

Weight S_Enar_

)-
._J

Z
0

._1

<

<

Z
UA

Q-

>-

0
U-

D

Payload

Penetrometers

Structures, Mechani_ns

Guidance and Control

Coununications

Pro_ulslon Systems (See Appendix D)

Solid Propellant*
Solid Motor Inerts

Hydrazine Propellants
Hydrazine System Inerts

N2 Reaction Control System

Total Delivery Vehicle Weight, Ibm

(15)

lO

5

(4o)

(o)

(15 .3)

111.5

7.9
18.4

5-3

(2o9.3)

No. of Penetrometers

(30)

2O
10

(4o)

(o)

(18l. )

134.0

9.5
18.9

5.6

(25Z._)

6

(_5)

30
15

(4o)

(o)

(2o8.5)

15.7
11.1

19.3
6.0

(293.5)

'8

(60)

4O
2O

0o)

(o)

(235.6)

178.9

17.9

12.7

19.8

6.3

(335.6)

Retropropulsion allocations are based on an ideal velocit_ _bilit_ of
6600 f_s (2.01 Km/Sec) and a solid propellant specific impulse of
'270 ibf-sec/ib m which is consistent with existin_ technology. Parametric
studies will be conducted to evaluate retropropulsion requirements over the
velocity range considered for this mission.

. Ccmnmication Re%uirements for Prlorit_ (2) - Penetrometer-Relay-
Lunar Orbiter-Earth

a. Relay characteristics are :

Phllco Study:

Transmitter Frequeacy

Modulation

Transmitter Power Output 40 Watts ÷ 1 db

REV LTR _='#AW'_I_" INo. D2-100690-2
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A. .

be

(Continued)

Receiving Antenna Gain

Receiving Circuit Loss

Tranamittlng Antenna Gain

Transmitting Circuit Loss

Polarization Loss

•areshold S_BIF

Subsystem Noise Figure

Desired Margin

DC Power Provided

4.5 db + 1.5 db
m

- 1.0 db + 0.5 db

0.O db + 3.0 db

- 1.0 db + 0.5 db

- 3-0 db, + 3 db - 1.0 db

+12db

+6db

+ 13 db minimum

67 Watt - Hours

_e basis for the Boeing study includes the following:

I. Determine a suitable antenna for the Lunar Orbiter with

e

e

.

the folloving characteristics:

Frequency

Gain

Polarization

Load Impedance

Allowable VSWR at Receiver

260 MHZ + 500 K]tZ

Maximum, consistent
with coverage require-
melltS.

1_ Circular

50 ohms

2:1

A baseband of eight subcarriers between 12.8 KHZ and
70.8 KHZ, each FM with deviation • 2 KHZ.

Determine need and characterisl_ cs of interface
equipment.

Determine need and characteristics of recorder.
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A. e (Continued)

c. Equipment weight:

Weight S_ry

On Relay, GFE (Philo.) 18.7

On Lunar Orbiter (Additional) 8.9

Total, Lbs. 27.6

No. of Penet_meters

4

24

12.8

36.8

6 8

29.4 34.9

16.6 20.4

46.o 55.3

D2-100690-2
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A. 9. (Continued)

d. Detailed breakdown:

on Re._, G_m (_±Ico)

Rec. Antenna

Preamplifier
Power Divider

RF Switches
Receivers

Diversity Sel.
Subcarrier Demod.

Subcarrler Osc.

40 Watt Trans.

Power Reg.

Battery, 28 V,
67 W - Hrs

Trans. Antenna
Control and J Box

Connectors and

Wiring
Mlscellaneous

Subtotal, Lbs.

On L/0 Additional E_uip.

Rec. Antenna

Preamplifier
Power Divider

Receivers

Subcarrier Demod.

Subcarrler Osc.

Interface Equipment
Recorder
Miscellaneous

Subtotal, Lbs.

2 4 6 8

1.2 1.2 1.2 1.2

0.4 0.4 0.4 0.4
0.4 0.4 0.4 0.4
0.4 0.4 0.4 0.4
2.0 4.0 6.0 8.0
0.5 l.o 1.5 2.0
0.4 e.8 1.2 1.6

0.5 1.0 1.5 2.0
6.o 6.0 6.0 6.o

0.3 0.3 0.3 0.3

3.5 3.5 3.5 3.5
o.7 o.7 o.7 o.7
0.3 0.3 0.3 0.3

1.4 2.7 4.0 5.4
0.7 1.3 2.0 2.7

]8.7 24.0 29.4 34.9

i.o I.O I.O i.o

0.4 0.4 0.4 0.4
0.4 0.4 0.4 0.4
2.0 4.0 6.0 8.0

0.4 0.8 1.2 1.6

0.5 1.0 1.5 2.0

o.7 1.3 1.9 2.5
3.o 3.o 3.o 3.o
0.5 0.9 1.2 1.5

8.9 12.8 16.6 20.4
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10.

(Continued)

e. Langley Research Center will provide output level range
requiremente and Phtlco Final Report on penetrometer study.

Delivery Vehicle Weight for Priority #2 - Pene_ter to Relay
to Lunar Orbiter to Earth

Wei6ht Suamar_

Payload

Penetrometer=

Structures, Mechanisms

Guidance and Control

Cc_unications

Propu_ion Systell (See Appendix D

2

(15)

ZO
5

(40)

Io. of Penetrometers

(3o)

20
10

(229.1)

(gS)

3O
15

(60)

20

(3o .6)

Solid Propellant*
Solid Motor Inerts

Hydrazine Propellant
Hydrazine Syatem Inerta

Reaction Control System

Total Delivery Vehicle Weight, Lbal

i_I._

IO.B

19.2

5.9

172.2

17.2
13.2
20.0

6.5

(323.1)

203.2
20.3
15.5
20.7

7.0

23_.3

23.5
17.9
21.4

7.5

Retropropellant allocatiom are baaed on an ideal velocity capability of

6600 fpa (2.01 IOa/SOc) and a =mild propellant =pecific :l=pulse of 270
Ibf-aec/l_ which ia con_iatent with exist_ technology. Parametric
atudlea wall be conducted to evaluate retropropulalon require_e_ta over
the velocity range considered for thia _iaalon.

_e Cc_unicatlon Re%uir_N_ta for Priorit 7 (3) - Penetrc_eter-Rela_-

a. Relay charecterlatlca are :

Phileo Stu_:

Receiving Antenaa _a_n k.5 db + 1.5 _l_

Recelv_ Circuit Loaa - 1.o a_ / o.5 _-o
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A, 11, ao

bo

C°

( Continued )

Threshold SNRIF

System Noise Figure

Desired Margin

Boeing study: No co_nunications required.

Equipment weight

Weight Sunlar_

+ L?.db

+6rib

+ 13 db minimum

No. of Penetrometers

2 4 6

GFE (Philco) 7.3 12.2 17.i

GFE (Additional) 33.7 34.3 34.9

Total, Lbs. 41.0 46.5 52.0

8

22.0

35.5

57.5

k-

LL

LU
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A. ii. (Continued)

d. Detailed breakdown:

Relay - Philco

No, of Penetrometers

2 4 6 8

Rec. Antenna 1.2 1.2 1.2 1.2

Preamplifier 0.4 0.4 0.4 0.4

Power Divider 0.4 0.4 0.4 0.4

RF Switches 0.4 0.4 0.4 0.4

Receivers 2.0 4.0 6.0 8.0

Diversity Sel. O. 5 1.0 i. 5 2.0
Subcarrier Demod. 0.4 0.8 1.2 1.6

Subcarrier Osc. 0.5 1.O 1.5 2.0

Connectors and

Wiring 1.0 2.0 3.0 4.0

Miscellaneous O. 5 1.0 i. 5 2.0

Subtotal, Lbe. 7.3

Additional GFE

Interface Equipment O. 7

Transponder 12.0

High Gain S Band

Antenna 7.0

Miscellaneous 5 • 5

Traveling Wave Tube

(z0 _t) 4.5

Battery 4.0

Subtotal, Lbs. 33.7

12.2 17 .i 22.0

1.3 1.9 2.5

12.0 12.0 12.0

7.o 7.o 7.o

5.5 5.5 5.5

4.5 4.5 4.5
4.o 4.0 4.o

34,3 3_.9 35.5
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Ae ime
Deliver_ Vehicle Wei6ht for Peiorit_ #3 - Penetrcmeter to Relay
to Earth

Weight Summary

Payload

Penetr_aeter

Structures, Mechanisms

Guidance and Control

Com_unlcations

Propulsion S_stem_ See Appendix D

Solid Propellant*
Solid Motor Inerts

Hydrazlne Propellant

Hydrazlne System Inerts

N2 Reaction Control System

Total Delivery Vehicle Weight,
Lbs.

(15)

lO

5

(40)

(_.o)

)(2_.7)

175.2
17.6

13.4
20.0

6.5

(_8.7)

No. of Penetrometers

4

(3o)

20

lO

(4O)

06.5)

(270.6)

206.3
20.7
15.8
20.7

7.1

087.x)

6

(_5)

30
15

(40)

(_.o)

(3c_.z)

237.2

23.7
18.1

21.5
7.6

,a

(_5.1)

8

(60)

40
20

(_o)

(57.5)

(3_.2)

268.5
26.9

20.5
22.2

8.1

(503.7)

Retropropellant allocations are based on an ideal velocity capability of
6600 fps (2.01Km/Sec) and a solid propellant specific impulse of 270

ib° see/l_ which is consistent with existing technology. Parametric
s_eo will be conducted to evaluate retropropulsion requirements over

the velocity range considered for this mission.
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APP_DIX B

FLARE EXP_IME_f DESCRIPTION

1. 0b_ective

The first objective of the flare experiment is to obtain bearing

strength data. Second is to obtain chemical composition. The goal

for this study is to identify the incremental weight per flare which

could be carried by the Lunar Orbiter. Up to four flares are of

interest. Interpretation of the surface layer thickness is desired.

Required sensors to obtain the above data are: (i) Record time to

first peak, (2) Record temperature of first peak - three photo

multipliers are required, and (3) A diffraction grating could be

used to give chemical cr_position.

2. Mission Considerations

The flare experiment should be considered for application later in

t_me than the Block I spacecraft photo objectives. The mission should

select experiment conditions which satisfy the flare first. The

area of interest is the Apollo band, _ 45 degrees longitude and

+ 5 degrees latitude.
D

The principle constraints are that the flare should impact in the

dark surface at an impact angle greater than 45 degrees to the

horizontal. The slant range is limited to 80 K34to obtain chemical

composition by the diffraction grating.

3. Government Furnished Equilxnent or Information

The experiment should be considered as government furnished and the

Douglas report was supplied. Assume the flash intensity scales with

weight directly.

4. Additional E_ui_m_nt

The additional equipment requirements which are to be defined by the

study include_ (1) Diffraction grating, (2) Photo multipliers, (3)

Recorder, and (4) Delivery system.

5- Flare Description

a. Weight 3/8 lb per flare (minimum)

b. Shape Spherical size and mass

c. _perature 0 degrees to 36 degrees C

prelaunch and transit

- 76 degrees C to + 11.8

degrees C must be in liquid

phase for deploTment and
_m_act.

REV L TR _',lg,_"J'.,4t#,,l_ I .o. D2-100690-2
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(Continued)

d. Impact Velocity

e. Vibration

f. Number

Deliver_ S_tem Description

From6,000 to 8,000 ft/sec is

acceptable, but testing to date has

been near 8,000 ft/sec

Assume compatible to Lunar Orbiter

Up to four flares are of interest

_e Boeing Company will idemtify the delivery system requirements

based on using idealized velocity. Assume an I_ of 235 and
propellant mass fraction of .85. Refer to the _hemical propulsion
Information Agemcy Handbook, Vol. II.
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APP_nlIX C

BAI/EON EXPERIMENT DESCRIPTION

i. 0b_ective

_3_e primary objective of the experiment is to obtain high resolution

photographs of the impact area before and after the balloon impacts.

It is desired to obtain a photographic record of balloon inflation if

possible.

2. Mission Considerations

q_e balloon experiment is considered applicable to missions after

Block I photo missions have been satisfied, be balloon must be

deployed and inflated in the sun. Inflation time can be anything

greater than three seconds, be lighting angles at impact should

be the same as for high resolution photos, _55 degrees - 70 degrees.

be balloon should impact at an angle greater than 30 degrees to the

horizontal, be impact velocity should be 6000 to 8000 ft/sec.

3- Government Furnished E_ui_ent or Information

be experiment is considered to be government furnished, be

reference material supplied is the H_blemao. Assume a tube

launcher for the delivery mechanism. Mechanisms and experiments

for the delivery system willba supplied by NASA-LRC.

4. Additional E_ui_ment

As a result of the study of delivery flight mechanics Boeing will

define AV requirements and size the rocket motor based on an Isp
of 235 and X of .85.

5. Balloon

be balloon is an inflatable aluminized mylar, 25 ft diameter, .5 mil

thick mylar which weighs 8 ibs. It can be packaged in either a

spherical or cylindrical can of 470 cubic inches, the total weighing

i0 ibs. _is includes the gas inflation system for the balloon. It

must be inflated in the sun. _he thermal requirements are to

maintain temperature between - 60 degrees C to + 150 degrees C prior

to deployment.

_ne electrical interface requires two squibs (one is redundant),

which require _vol_Oamps to fire. A typical rocket motor for

this application is the Atlantic Research _ III five inch spherical

rocket motor.

A suitable spin up aotor power requirement is 0._ volta .8 asps.

If it is spun, it requires armlng.
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APPenDIX D

DEL_ V_ICLE MODEL

be penetrcmeter delivery vehicle is conceptaally a scaled version of the

Space General delivery vehicle described in Space General Report

SC_ 902R-6, "Lunar Survey Probe Delivery Vehicle Study, Final Report,

0ral Briefing," Contract NAS9-4897, dated November 29, 1965 and Langley
Research Center memorandum, "Possible Penetr_neter-Type Experiments for

Follow-On or b_ted Lunar Orbiter," dated January 6, 1966. be delivery
vehicle is herein defined by the following analytical model:

(l)

Where: R = e F_VR/ge XS# (2)

WDV = Delivery Vehicle Weight (ibs.)

WC = Delivery Vehicle C_unications Weight (ibs.)

tv= Hover time (seconds). In the example, one second

was used for priority l missions where the

communication relay is in the Lunar Orbiter,

and 8 seconds where it is in the delivery
vehicle.

P =-Number of penetrometers.

/kV R = Delivery vehicle retro velocity measurement
(fps). be exsmple was based in a value of

66oo _s.

ge = Gravity Constant, Earth (ft/sec 2 )

Solid motor retropropellant specific impulse

(lbr.-sec/1%). A _lue o_ 270 lb_-sec/l
was used in the example.

Systems weight breakdown of the delivery vehicle is defined by the

following analytical models used to derive expression (I).

wc

Where: _f = Delivery Vehicle Payload Weight (lbs.)

WC = Delivery Vehicle Co--cations Weight (lbs.)

(3)

WGC = Delivery Vehicle Guidance and Control Weight (ibs.)

Wp8 T = Delivery Vehicle Total Propulsion System Weight (ibs.)
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W_ = 7.5(P)_ _S ÷ W_ (4)

Where : P - Number of Penetrometers

WyS = Payload structure and mechanism- weight (ibs.)

Wyp - Penetrcmeter weight (ibs.)

WC = Connunications weight described in Appendices A, B, and C

WpST " 19.43+ wDV [1387_ R - 1261+ 1.683 tv]

C5)

(6)

(7)

(8)

(9)

The total propulsion system weight breakdown is defined by the following

analytical models used to derive expression (9).

wFsT - w_, _ ÷ WRcs (zo)

Where: WM = Solid propellant retrcmotor veight (lbs.)

= Hydrazine system weight (Ibs.)

WRCs - Nitrogen reaction control system weight (lbs.)

WM = I.i Wsp (11)

Where: WSp - Propellant weight,

wH- 16 + z.3 _

Solid propellant retrcm_tor

(2)

(_)

Where : WHp - _7_-'_zine propellant weight (Ibm.)

" F '7 7 +
(1_)

REV LTR

u_ _2e8-2000 REV. _ 65

_'_'_'J,4/d_' t No
SH.

IY2-100690-2
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Do (_nt_u_)

The hydrazine propellant weight breakdown is defined by the following

analytical models used to derive expression (14):

÷

WHp = 1.1 _Wp_ + WpA + WPR WpH]
(15)

Where: WpA =
Hydrazlne propellant weight (ibs.) required for

vernier correction to account for 3-sigma total
impulse tolerances in the solid propellant retrometer.

WPA
Hy_razine propellant weight (ibs.) required for
thrust vector control due to thrust vector

mlsallgnment.

WPR
Hydrazine propellant weight (lbs.) required to nullify

velocity acc_ulated in the free fall from 13000 feet

to 270 feet.

--W_H= Hydrazine propellant weight (ibs.) required forhovering at 270 feet during penetzmmeter ejection.

(_)

(17)

wpR = .o6o] (WDv - wsp) (18)

(w_- Wsp) tv (19)
wPa" 124o

Be nitrogen reaction control system weight and weight breakdown are
defined by the following analytical models used to derive expression (_D).

WRCs - 3.43 + 2.5 wN_
(2o)

WRCS

Where: WN2 = Reaction control system nitrogen gas weight (lbs.)

._ + wB ÷ wN2 (21)

Where - WF : Reaction control system flxedvelghts (lbs.) for
valves, plumblag and thrusters.

WB = Reaction control system nitrogen gas bottle veight (lbs.

REV LTR

U3 4288-2000 REV. 1 65

A_,_ml, AI/,G, [ No. I_-I00_0-2
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up
F-

Z
LU

F-

Q.
>-
F-

0
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Do (Continued)

wF - 3._3

_ = z.5 w_2

w_ = o.o9z4w_
2

(22)

(23)

REV LTR
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UNITED STATES GOVERNMENT

Memorandum

TO

FROM "

SUBJECT:

Boeing Company, Aerospace Division DATE: June 13s 1966
Attention: Mr. E. J. Nieholson

P. O. Box 3995, Seattle, Washington 98124

Langley Research Center, Flight Vehicles and Systems Division

Spacecraft Structures Section - I. 0. MacConochie - TRC0

P_

COtaE_Ot _AA I_

ONS

Im_ley Research Center

Response to "Report of Meeting Between NASA and Contractor
Personnel Held 26-27 of April Concerning Study Contract of

Lunar Orbiter Ad_ptability to Experiments to Evaluate Lunar
Surface Characteristics" NASI-6216

_nf/_F

N/e,tolso_

REFERENCE: Letter to L. W. Fitchett and I. 0. MacConochle from E. J. Nicholson,

TBC, dated May 19_ 1966, on the same subject. _/_ae_,'

subjectrepo be n vi edandthefo  ,ingc t.
for the paragraphs indicated. Appendixes and paragraphs below refer to

the subject document.

Appen_l x A s Paragraph 3 (a)

a. The nominal impact velocity is 150 ft/sec. Impact velocity shoul,d

be known to _+5%below 5o ft/sec and +io_ n_m 5o to 25o ft/sec. An t,_et
velocity of 200 ft/sec or less is preferred since s_ne degradation in

performance of the penetrometer occurs above this figure.

Appendix, A, ParagraPh_ 4 (b)

b. Results of Space General study should be considered as information

to assist the Contractor in considering alternate modes of deployment of

the penetrcmeters pursuant to paragraph 4.5 of the work statement. Also_

pursuant to paragraph 4.5, which is not specific re_arding methocl of

deployment, spin stabilized delivery systems shall be considered as an
alternate mode of deployment to determine if such a system lends itself

better to the Lunar Orbiter application.

AppendlxB: Paragraph 2

The flare experiment should be considered as a supplementary experiment

on the spacecraft after the Block I mission objectives have been satisfied.

Once selected for flight, t_e mission profile should be such as to satisfy

the requirements of the flare first.

Appendix . .C.,. ,Paragraph 2, 3 rd sentence in paragraph

A minimumoflSs_on_ shonldbeall_ed for deploym_t andi_lation
_eballocnin the sun.

Appendix C! Parae;raph 5, last two sentences in paragraph 5

The electrical interface requires 5 volts, i0 a_s to fire two
s_ulbs (one is redua_aat). A ty_icaX rocket motor for this a_lleatlon



2

is the LRC 5-inch spherical (Cygnus 5). If it is spun before deployment

a spin-up motor power requirement is 0.50 volts, .8 amps to fire the squibs.

A delay of approxlm_tely 1.5 seconds is required from initiation of the

spin-up motor to initiation of the deployment motor. Both the spln-up

motors an_ the deployment motor will require arming.

As pointed out at the May 26, 27 meeting by the writer, the ezact experiment
configuration depends on the study results and vice versa. It is hoped

that the technical information given at the meeting and the additional

information supplied above will assist the Contractor in carrying

out the itudy in accordance with the subject contract.

Ian O. MacOonochie

Technical Representati_
of the Coutracting Officer

CC:

Ken L. Wad_tn

NASA Resident Engineer

P. Oo Box 3707
Seattle, Washington 98124

R. D. Eishenhart

Boeing Representative
1120 West Mercury Boulevard
Hampton, Virginia 23366
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LUNAR ORBITER GROWTH

LUNAR FLARE EXPERIMENT

i. 0 INTRODUCTION

This report is in response to a request from the NASA, Langley Research

Center, to determine the adaptability of the Lunar Orbiter to a Lunar Flare

Experiment. This experiment is similar in concept to the Early Lunar Flare

(ELF) experiment studied by Douglas Missiles and Space Systems Division (MSSD)

and described in Reference i. The ELF modifications include using the Lunar

Orbiter spacecraft to deliver the flares and to detect and transmit the flare
data.

The Lunar Flare Experiment involves impacting a chemical flare on the

surface and observing the resulting light flash. Various characteristics of

the flash are to be recorded and analyzed to yield information on lunar sur-

face bearing strength, chemical composition and depth of a porous layer over

a solid surface. The data is transmitted to Earth by way of the existing

Orbiter co,mmnications link and recorded by the existing ground reconstruction

system.

___"_"l__ I .o. _-100690-2
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2.0 L_FLAREE_RIMENTSt_@ta_RY

The scientific objectives of the Lunar Flare Experiment are to determine

lunar surface bearing strength, thickness of surface layer and surface chemical

composition. Physical measurements to achieve these objectives include rise

time to "first light peak," color temperature of "first peak" and spectral

energy distribution of "second light peak." A parametric study of the flare

experiment resulted in no final instrumentation configuration. However, a set

of typical characteristics and constraints have been established, which typify

the requirements for successful performance of the Lunar Flare Experiment us-

ing the Lunar Orbiter as both a transporting vehicle and an instrument plat-

form. These characteristics are sus,narized in the following list for the case

of a 5-pound flare and a 50-kilometer range.

Sensor Characteristics for Time to First Peak Detection

Optics

Detector

Field of View

5.08 cm, f/1

(I) Photomultiplier (S-I Response)

20 ° Total (18 km on Ground)

Signal-to-Noise 22O

Time Resolution

Wavelength Region

_.3_ second

O O

55OOA-85OOA

Data Retrieval

Temperature Environment

Dimensions

Real-Time - High-Gain Antenna Readout

iO°.llO°F

12" x 4" x 4" (192 cu. in.)

Input Power 2 watts (Average), 28 volts d.c.

Output Signal Characteristics 5 volts peak-to-peak, 0-230 KNz

Weight _ pounds

De-I00690-2
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Sensor Characteristics for Color Temperature Determination of First Peak

Optics

Detector

Field of View

Signal-to-Noise

Spectral Bandpass

Wavelength Region

Data Retrieval

Temperature Enviromment

Dimensions

Input Power

Output Signal Characteristics

Weight

5.08 cm, f/l

6 Photomultipliers (S-I Response)

20 ° Total (18 km on Ground)

14o
O

300A
O O

6 Regions (4000A-7000A)

Tape Storage - Sequential Readout

IO°F-n0°F

5" X 7" x 12" (420 CU. in.)

2 watts (each tube)

12 watts (total)

28 vdc

5 volts peak-to-peak (each tube)

O-3 K_z

3 Pounds (each tube)

18 Pounds (total)

Optcis

Detector

Field of View

Minimum Density Level

Spectral Resolution

Plate Dispersion

Wavelength Region

Data Retrieval

Temperature Environment

Dimensions

Power

Weight

Sensor Characteristics for Spectral Energy Detection

Orbiter 24-in., f/5.6 Lens and Trams-

mission Diffraction Grating

S0-243 Film

12 km Cross-Range

4.5 km Downrange

Density of 0.2 above Gross Fog
O

O.?A
0

5o A/=
0 0

35OOA-65OOA

Line Scan Readout - Video Link

Compatible with Existing Orbiter Faoto-

graphic Subsystem

6" x 6" x 2" (72 cu. in.)

i Second Surge of lO0-200watts

6 Pounds

 -loo -2
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EXPERIMENT CONDITIONS AND REQU_S

The Lunar Flare Experiment discussed here is similar to the ELF concept
with the following modifications:

(1) The flares will be deployed to the Lunar surface from Lunar Orbiter

spacecraft, either singly or in groups of two or three at a time.

(2) The flares will be smaller than the original lO0 pound size.

(3) Observation of the visible light resulting from the flare impact will

be accomplished using sensors installed on the Lunar Orbiter spacecraft.

(_) Data will be transmitted to Earth via the existing Lunar Orbiter

S-band link.

Figure 3.0-1 is a pictorial display of a lunar flare event adapted to the

orbiter.

3.1 The Flare

The original flare design, as described in Reference I, consists of a

hollow aluminum structure filled with a mixture of chlorine trifluoride (CTF)

and fine aluminum wire (AI). The passage of a high-lntensity shock wave

through the reagents initiates a violent exothermic reaction. A spherical con-

figuration is assumed for the purpose of this study. The aluminum wall thick-

hess for the sphere is expected to be approximately 0.25 inches with relation-

ship between size and weight as shown in Figure 3.1-1. CTF is installed in the

flare shell in the liquid phase (-76°C to +ii.8°C). The flare is then allowed

to warm to room temperature and is then capped off. Handling is similar to

t_at for _lass A explosives. The flare temperature must be maintained between

OVand 36_C during ground and flight operations.

_.i.i Impact conditions.- Vacuum testing of flare impacts has been con-
ducted over a narrow range of impact velocities (2.2-2.8 ks/second) and the

relationship between impact velocity and light output is presently undefined.

It is expected that there will be a minimum impact velocity below which the

CTF-AI reaction is not initiated. At the higher velocities, the ability to test

frill scale models in existing facilities may be a constraint. Based on existing

data, velocities between 2.2 and 2.8 kilometers per second are acceptable.

Vacuum testing has included impact angles measured from the target surface as
low as 42 for dust targets. The intent of the past testing was to achieve

impact angles as close to _O ° am possible. Most of the impacts into solid slab

targets were in fact at 90 , and only the experimental dlff_cultlea involved in

supporting unconsolidated surface at angles greate_ than 40 or so, prevented
all testing from bein_ done at impact angles of 90 . Existimg test data indi-

cates no relation between fl!re output and impact angle over the range of

impac_ angles from _O to 90v. For the purpose of this study, an impact angle
of _5 or greater is aasumed.

  IIA P' I .o.  -1oo o-2
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3.1.2 Flare radiation data.- Upon impact, a high-speed chemical reaction

takes place between the chlorine trifluoride and the aluminum. This reaction

is completed in a few microseconds and produces a high intensity burst

of radiation with an effective black body temperature of about 4_O0°K. The

radiation emitted during this "first peak" is centered around 72OOA and reaches

a maximum intensity in a time that is related to the bearing strength of the

target material. Following the emission of this black body radiation, the _lash

intensity decreases for a short period and then increases to a "second peak,"

generally higher than the first. The "second peak" consists of continium radia-

tion and spectral features characteristic of the target materials.

The observable parameters of most interest are: time to "first peak,"

color temperature of "first peak," and spectral content of "second peak." As

mentioned previously, the time to "first Peak" shows a dependence on target

bearing strength (Reference i). Specifically, as the target is made softer,

the time to "first peak" increases and times of 30 to 200 microseconds were re-

corded for targets of serpentinite and dust, respectively. A plot of "first

peak" time versus K_ of the target is shown in Figure 3.1-2. K_ is a parameter
which reflects the _egree of immobility of particles making up _he target and

is thus proportional to bearing strength (Reference i).

The apparent color temperature of the "first peak" radiation has been shown
(Reference i) to have some correlation to the thickness of the unconsolidated

surface layer of the target. Testing was done by placing a layer of known

thickness of dust or gravel over a solid slab and impacting a CTF-AI filled

sphere into the loose material. The spectral character of the "first peak"

radiation was recorded at eight wavelength bands between 4OOOA and 7000_ and the

data obtained compared to black-body curves for several temperatures and the

closest fit determined. There is considerable scatter in the experimental data

as shown by Figure 3.1-3.

The spectral content of the "second peak" radiation is indicative of the

chemical composition of the target. The high temperature of the CTF-AI re-

action is sufficient to excite target constituent atoms and molecules which,

upon returning to a lower energy state, emit radiation at wavelengths charact-

eristic of the materials involved. The time duration of the spectral radiation

is quite long compared to the "first peak" rise time. Spectral emission can be

expected to persist for approximately I0 milliseconds after flare impact

(Reference I).

3.2 Observation Requirements

The constraints imposed on the Lunar Orbiter mission for the flare experiment

are briefly discussed below.

3.2.1 Surface illumination.- It is desirable to eliminate as _ch extra-

neous illumination as possible from the target area at time of impact. This

reduces the background noise input to any sensor used to detect the flare radia-

tion. For this reason, the target areas should be on the dark side of the

terminator at time of impact.

_,#'A_D' !NO. D2"100690"2
Is.. 177
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3.2.2 Slant range.= _te light flux incident on a detector aboard the

Orbiter is inversely proportional to the square of the Orblter-to-flare range at

impact. In the case of spectral measurements, the resolution is energy limited.

This is discussed furttmr in the section in Instnm_ntation.

3.2.3 Viewing an_le.- An obvious constraint on this parameter is that the
flare must not be past the Orbiter's visual horizon. The distance (and conse-

quently the viewing angle ) to the horizon is a function of both orbiter altitude

and lunar surface roughness. In a mountainous area or one in a region of high

crater density, the allowable range angle is greatly reduced. The impact point

must not be occulted from the Orbiter by "terrain" features. Thus, an allowable

range angle will need to be determined for each prospective impact point.

Multiple flare deployment will improve experimental reliability.

3.2.h Sensor pointing.- To avoid a requirement for extremely wide field

of view sensors, sensor pointing should be made compatible with Lunar Orbiter

system performance. This performance is presently on the order of -0.5 degree

and would seem adequate at this time.

3..2 5 Hi,fi _ain antenna__ ____Inti_.- In order to achieve real-time readout

of sensor outputs during flare impact, the Orbiter high gain system must be

utilized. This is a necessity because of the bandwidth required to transmit a

rapidly rising pulse such as the flare "first peak." Thus, the high gain

antenna mlst be pointed at the Earth at time of impact. This restricts the

positioning of sensors on-board the spacecraft. Specifically, such sensors

should be located so that they look close to the spacecraft X-Z plane so that

the existing high gain antenna and boom configuration may be used.

3.2.6 Attitude atabillty.- Vehicle rates at time of impact tend to degrade

pointing accuracy. Attitude rates also will tend to degrade spectral data taken

with a dispersing system such as would be required for analysis of the "second

peak" flare output. Vehicle rotation in the plane of dispersion will tend to

broaden the s_mctraJ lines and so reduce the spectral resolution. The effect of

attitude stability on resolution is discussed in the Instrumentatlon section.

3.2. 7 Orbiter scene rate.- Scene rate (V/H) affects the energy density in

the spectrograph film plane for a given spectral dispersion and is discussed in

the instrument section.

3.2.8 Flare impact point.- Uncertainties in impact point due to deploy-

ment errors, trajectory variables, and terrain characteristics, all combine to

increase the required sensor field of view. In the case of a photo-emissive

detector, this tends to decreasa the signal to noise ratio of the system. The

spectral data taken will be recorded on film in the existing orbiter photo sub-

system using the 2_-inch lens rather than the 3.35-inch lens because of Its 5°
larger collecting aperture. The lena angular field of view is approximately
x 20 amdthe impacting flmre ,a,st be well within this field to permit spectral

dlml_rmlon (Figure 3.0-1).

Flare e____.-. The fla1_ must be sized to provide sufflcient radia-
tion flux f6r-r-_tection by the sensors. A flsa_ size versus sensor senaltivity

and comp]exlty trade may be made after the type of sensors to be considered are

selected.

[  -1oo69o-2
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Additions and modifications to the Lunar Orbiter payload are required to

permit measurement of the significant flare event parameters. The parameters

considered for measurement will be time to "first peak," apparent temperature

of "first peak," and distribution of spectral energy.

4.1 Time to "First Peak"

To apply the constraints pertaining to the measurement of the "first peak"

rise time to the design of the instrumentation, it is necessary to derive an

equation for the "first peak" signal power available at the sensor. An expres-

sion for signal-to-nolse ratio is also presented.

4.1.1 Si6nal power.- For a flare event, the signal power may be obtained

from the expression:

SI = P Ae lumens (4.1-1)

where :

P = average power per unit area at the collector.

A = effective lens area.
e

The average power, assuming the flare radiates uniformly into a hemisphere

(Reference 1), per unit area at the collector is:

p

E

o lumens/cm2
2 ITR2t

where:

E° = total flare energy at visible wavelengths (scales directly with flare

reactant weight ) in lumen seconds.

R = spacecraft to flare ramge at time of impact in centimeters.

t = duration of single flare event in seconds.

The effective lens area is:

D 2

Ae = T_(-_) (centimeters 2) (4.1-3)

where :

m'arlg i.o.  -1oo69o-2
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De = optical clear aperture (centimeters)

f

De =

where :

f = lens focal length (centimeters)

f/n = lens f-number

2

thus Ae • _ f (centimeters2)
2 f/n

2
and SI - P _Y f

2 :/n (1_ns)

(w.i-w)

(_.i-5)

Now the required lens focal length (f) may be determined from the
expre msion:

f R cot @

D L 2
S

(W.I-6)

where :

R • range (centimeters)

L = diameter of observed area of lunar surface (centimeters)

D - diameter of photo cathode (centimeters)
S

Q - half angle of optics (degrees)

D
s cot @ (centimeters) (It.l-7)

f .

A graph of L versus R for Q = iO° is shown as Curve i in Figure _.3-9.

Then:

and

2
D

s

Ae " 1--6" (f/n)2
cot 2 @ (centimeters 2 ) (_.i-8)

2
Eo Ds cot2 @

sI i (lumna) (W.i-9)
32(I'In)2 I_2 t

From this, it may be seen that the useable power maybe increamedby de-
creaei_ the lena f-number (f/n), the range (R), or the field az_le (0) or by

increasi_flare energy (Eo) , or photocathode diameter (Ds). The time (t) is
the duration of the flare luminous output.

_m_m'#_ i.o. m_-_X)690-2
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h.l.2 Signal to noise.- Noise in a photomultiplier is predominately shot

noise due to the random emission of electrons from the photocathode and as such

is proportional to the square root of the bandwidth. Specifically, the noise

current at the photocathode (In) is:

in = (2eidc A f)i/2 (amperes) (_.I-i0)

where

e = electronic charge (1.59 x i0 "19 coulomb)

f = bandwidth - Hz

Idc = total average cathode current (amperes)

= +_Idc Id + Is

where

Id

I
S

thus

where

= dark current (amperes)

= signal current (amperes)

= background current (amperes)

In 2e (Id + Is

The signal current (Is) may be found from the expression:

Is --sl _e (_.i-12)

SI = signal power into collector optics (l_ms)

T - transmission of optics

Ke = luminous sensitivity of photoc&thode (amperes/lumens)

The dark current (I_) is a function of the area and work function of the
photocathode as well as Its temperature. Dark current specifications for

various photocathodes may be found in the manufacturer's literature.

Is..
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The back6round current (Ib ) is a function of the background brlghtness seen

by the sensor, the f-number of the sensor optics, and the transmission of the

optics. The background illumination at the detector surface may be found from
the expression:

1"r B T lu_ens/c_ (_.z-z3)
Pb " _ t/J'f'n "2

where :

B - object brightness (candles/cm 2 )

T = optics transmission

Thus
2

D

Pb : "If BT • (_.Z-Z_)
_(r) 2

The total background power at the detector is:

D 2

" % 71" [ (f) tan @]2 (_.z-z5)

The current due to the background illumination is thus,

2

. (_.z-z6)

The nosie current (In) may then be written:

In • (Id + SI T K e

and the signal-to-noise ratio is then,

s z TKe_

Is _e (Id + S1 T Ke + _ B De2 T tan 2 ' Ke).f2 2/_- ('.1-18)
g

I n

____1.._._1.o. De-1oo69o-2
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Figures 4.1-1 and 4.1-2 are plots of S/N versus R for several combinations

of flare weight and lens aperture. The parameters assumed are as follows:

Eo = 1.058 X 107 lumen-second/pound(reactants) (Reference i)

@ = i0 ° circular (field half angle)

t = i0 milliseconds

T = 0.5

K e = 20_ amps/lumen (S-I photocathode)

B = 4.28 X10 -5 candles/cm 2

Id = 1_ X i0 -13 amps (S-i photocathode)

D
e = 1.27 ca, 2.54 ca, 5.08 cm

_f = 230 KHz (Lunar Orbiter S-band link)

4.1.3 Instrument description.- For the typical experiment Just discussed,

the instrumentation to be added to the Lunar Orbiter would have roughly the
following characteristics:

Size

Weight

Power

Sensor

Optics

12" x 4" x 4"

4 pounds

2 watts

Photomultiplier (S-1)

5.08 cm focal length, f/1

4.1.4 Data recovery.- The output of a sensor such as that described above,

when viewing a lunar flare event, will consist of a short initial pulse with a

minimum rise time on the order of 30 _ seconds, followed by a second pulse with

a duration of a few milliseconds. The time from initial pulse onset to peak is

the primary parameter of interest and it is proposed that the sensor output be

transmitted to Earth via the existing high gain video link in real-time to

allow minimum distortion of the pulse prior to data analysis. The pulse rise

time of 30_ seconds or more is compatible with the video bandwidth of 230 kcps.

The sensor output must not exceed 6 volts peak-to-peak to be compatible with the

transmitter modulator input.

The uncertainty in the measurement of the time to "first peak" will be on

the order of the minimum pulse which bandwidth limitations will allow to be

passed undistorted. In the case of the 230 KHz bandwidth, this is on the

order of 4.5 microseconds or 13_ of the minimum "first peak" rise time from
Reference i.

B_Lg'g_ I .o. _'100_0-2
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4.1.5 Conclusion.- In conclusion, the flare event involving the impact of

a 5-poured flare on the lunar surface at a velocity of 2.5 km/secomd can be ob-

served from Lunar Orbiter using a commercially available photomu_tiplier tube

and state-of-the-art optics. The spectral region from 5500-8500A can be covered

and the data thus obtained may be transmitted to Earth via the existing Lunar

Orbiter video link in real time. Time resolution of 4.3 seconds and a signal-

to-noise figure of about 220 can be achieved. The system weighs about 4 pounds

and consumes about 2 watts of power.

4.2 First Peak Color Temperature

The determination of the apparent color temperature of the flare reaction

can be accomplished by observing the flare impact with a number of photomulti-

plier tubes each covering a narrow region of the spectrum. The data thus ob-

tained is used to construct an intensity versus wavelength curve for a particu-

lar time during the event. This curve is then compared with existing black-body

radiation curves and a best fit determined. This establishes an apparent temp-

erature value. Extensive trades to determine an optimum configuration have not

been conducted. The Douglas data was reviewed and a similar design to that in

Reference 1 Ims been assumed.

4.2.1 Si_mal current.- The expressions derived in Section 4.1.1 for the

signal current apply here with the following modifications:

The average useable power (Equation 4.1-5) is reduced by the ratio of the

spectral regions of interest and the reduced transmission (Tf) of the required

spectral filters. The new useable power (Sf) is, therefore:
O

Sf 30OA= o Tf sI (_.e-l)
300OA

- 0.i Tf S1

Assuming Tf = 0.2 (Reference i)

sf = o.02sI (4.2-2)

Further, the expression for signal current (4.1-12) is modified due to the

effective change in the photocathode efficiency brought about by reducing the

spectral bandpass. For the purpose of this discussion, it will be assumed that

the maximum reduction in photocathode efficiency will be by a factor of 0.75.

The figure to be used with the filters is then:
=i

(_.2-3)
Kef = 0.25 K e

Equation (_.i-12) becomes :

Isf = Sf T Kef (_.2-_)

zsf = (o.o2sl) (T) (0.25 Ke) (_.2-5)

_------I_ ["°" zm-zoo69o-2
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(_.2-6)

Isf = 0.005 I s (4.2-7)

k.2.2 Signal to noise.- The noise current I may be calculated using

Equation (4.1-i0) n

I n -- (2e Idc A f)l/2 (_.2-8)

where:

Idc = Isf + I b + I d (k.2-9)

A f = 3000 hertz (filter bandwidth)

The background current (Ib) is reduced from that of Section 4.1.2 in the same

manner that Isf was obtained from Is, thus:

Is_ff . 0.005 SI T K e

Inf d 2e (0.005S I T K e _ e taa2(O)Ke+ 0.005 BD 2 T + Id) 3000 \

Figures _.2-1 and _.2-2 are plots of Isf/Inf versus R for several combinations
of flare weight and lens aperture.

h.2.3 Experiment configuration.- The determination of apparent tempera-

turf of the flare reaction requires sufficient data to be taken to ensure that

a representative curve of intensity versus wavelength may be constructed.

The requirement in existing documentation calls for three channels of

spectral intensity data (Reference 2). It is felt that this number of channels

may not be sufficient to adequately identify the wavelength intensity relation-

ship. As an alternate, six channels each 300 angstroms wide evenly spaced from

4000 angstroms to 7000 angstroms are suggested.

k.2.3.1 Typlcal sensor characteristics

_.2.3.1.1 Independent channels.-

Size

Weight

Power

Enviromment

Sensor

cylindrical i0" x 2" diameter

leas than 3 pounds

less than 2 watts

temperature lO°F-llO°F

photomultiplier (S-l)

8'm'Fl_'_ I "o.D_-1oo690-2
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4.2.3.1.2 Combined channels.- The above sensor description is based on the

assumption that each photomultiplier channel will be electrically independent of

the others. This approach obviously improves the reliability of the whole

system but adds to the required Power and weight. The use of a cc_on power

supply for all channels would reduce the size, weight, and power of _.he system.

Further, a common power supply would act to eliminate one source of relative

interchannel gain changes and so improve the validity of the data taken by the

whole system. The weight and power requirements for such a system with some

common elements would be on the order of 20% less than the aggregate weight and

power of a system made up of independent channels.

4.2.4 Data recovelv.- The data obtained by the filtered photomultiplier
channels will be stored in some form of tape memory to allow real-time trans-

mission of "time to first peak" data. Presently, the storage system require-

ments dictate a 6-channel system with at least 3 KHz bandwidth and some

provision for time marking each channel if they are to be read out sequentially.

4.2.4 Conclusion.- Recording color temperature data from a flareoevent re-

quires six phot_nultiplier tubes, covering the range from 4000 to 7000A. Using

a 5-pound flare at a slant range of about 50 kin, a signal-to-noise ratio of

about 140 can be achieved at a cost of 15 pounds weight and 12 watts of power.

4.2.6 Problem areas.- The large amount of scatter in the experimental data,

shown in Figure 3.1-3, makes the feasibility of this experiment questionable.

To ensure a good correlation between color temperature and surface layer thick-

hess, further testing is required. Also further trades should be conducted to

obtain an optimum sensor design. Included in the trade study should be the

possibility of integrating the system under one large set of optics and using

dichroic mirrors.

4.3 Spectral Energy Distribution

The detection system for measuring the distribution of spectral energy con-

sists of a dispersing element and recorder. The light from the flare is spread

out into a spectrum and the intensity of the light in this spectrum is recorded

as a function of wavelength. The recording system is assumed to be photographic

film. Success of the efforts to obtain spectroscopic information from the ex-

periment, therefore, is dependent on the ability to collect sufficient light

energy from the flare to expose the film to a relative density above gross fog

that will allow data reduction.

Parameters related to film exposure are: flare energy, diameter of the

optics, instrument transmission, dispersion at the image plane, film sensitivity

and spectrum width. These relationships are covered in the following discussion.

4.3.1 Energy required at film.- The energy required at the film plane can

be determined by the following equation:

E R

where :

e

Af

= ear

= energy required at film plane (watt-second)

= energy density required at the film (watt-second/2 )

- total area of film exposed (_)

(4.3-i)

Ifothe spectrum has a widt_ w(mm) mind yields a linear reciprocal dispersion

K(A/mm), the energy in a IA band is spread over an area w/K (Reference 3).

_------L'_'__--I"A _'1--n0690"2
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The total area (Af), therefore, is given as:

Af = w (_2 " _l )
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where :

O

(_2 - _i ) = wavelength region observed (A)

Substituting Equation (4.3-2) into (4.3-1) results in an energy expression

for the film as a function of plate dispersion:

ew (_2 - "AI) (_.3-3)

K

4.3.2 Ener_ available at film.- The energy per unit area at the collector

for the flare event, smsuming the entire radiation occurs uniformly over a

hemisphere, is given in the equation:

;, - Eo
O

2 I¥R 2

where :

Eo = flare energy over spectral region of interest (watt-second)

Ho = energy per unit area at the collector ( watt-s_ c°nd )

R = range (wm) mm

The energy available at the film plane therefore depends on the area of the

collector Ac and the transmission T of the optics:

2

H ° T TI" Dc (b,.3.5)
E A =' Ho T Ac = 4

where :

D = the diameter of the collecting lens (ram)
C

Fro,. Equations (_.3-4) and (4.3-5), the total energy available at the

film plane is :

2
E TD

E A = o c (4.3-6)

_P'aw_rl'W_' I .o. I_-100690-2
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The chlorine _rifluoride flare has a theoretical maxim_n chemical enerKy
yield of 4.24 x i0 watt-seconds per pound. The assumption is made that the

integrated energy in the spectral region of interest is constant regardless of

flare temperature and is equal to 1_ of the total energy (Reference 1). Availa-

ble energy at the image plane as a function of both weight (WR) of reactive

chemicals a_ range can, therefore, be determined from the following relation-
ship:

(_.2_ x 104) T D 2 WR (4.3-7)
EA = c

8 R2

4.3-3 Flare weight.- The energy available at the film must be equal to

the energy required, therefore from Equations (_.3-3) and 4.3-7)

ev (_2 " _i ) (4.24x lO4) T _2 wa
s

X 8_
(4.3-8)

This results in an expression for flare reactant weight as a function of

range add dispersion:

8 we (_2 R1 )_2" (4.3-9)
wR " (4.2 x lO • D2 K

c

From the above equation, it can be seen that flare size is influenced greatly

by the range. Other parameters affecting flare weight are spectral widening

and dispersion. Assuming the existing orbiter photo subsystem is used, the

size of the camera lens, the transmission, and the film energy density are

fixed.

Widenin 6 of spectrum.- If the image of the flare is held at one point on
the film during exposure, the resultant spectrum is narrower than is desirable

for photometric studies or the recognition of faint lines. The length of the

line image is normally determined by the resolution of the system. In order to

widen the spectrum with the necessary uniformity, the usual procedure is to

allow the image to drift along the film for a distance correspomding to the

required width. Widening of 0.2 to 0.3 mm has been considered desirable with an

acceptable minimum width of 0.i mm (References i and 3).

The width of the spectrum normal to the direction of dispersion is govern-

ed by the vehicle scene rate (V/H). For calculation purposes, a maximum

velocity 1950 m/second has been assumed at an altitude of _6 kilometers. The

camera focal length is 610 m (24 inches ) with a film resolution of 76 line

pc/re per millimeter. The duration of the flare is i0 milliseconds. This

results in a "smear" of the spectrum normal to the dispersion of about 0.25

which should be acceptable. The spectrum width can be reduced or increased if

image motion co_ns&tion is used.

----..=-I._ Xm-X__t_o-z
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The limit cycle or attitude rate of the vehicle affects spectrum widenlng
by an insignificant amount.

Film sensitivity.- The film used in the existing orbiter photographic sub-

system is E. K. Type SO-243. Figure 4.3-1 shows the spectral sensitivity

curves indicating the exposure required to produce a density of 0.2 and 1.O

above gross fog. Sensitivity is defined in this case as:

1

e (_.3-1o)

where :

e = exposure in
watt-seconds

2
m

While a density above gross fog of 0.6 is generally accepted as the desired

level for accurate quantitative work, useful data can be obtained from spectro-

grams having much lower densities. The lowest practical value may be below

0.i, but calculations are based on densities of 0.2 to ensure an adequate
signal-to-noise ratio.

Total transmission.- The overall light signal transmission due to the

flare is the product of the transmission of each element in the path between

the flare and the detector. The absorption of most types of glass is large in

the ultraviolet, and may result in a very substantial loss of light at the

shorter wavelengths. An average transmission of. the 24-inch lens has been

stated as 66_ over the spectral region from 4OOQA to 7OOOA (Reference 4). The

lens. transmission falls off rapidly near 4500A, however, to less than i0_ at

350C_ as shown in Figure 4.3-2. A conservative value of 35% over the spectral

region of interest was chosen for computation purposes. The curve in Figure
4.3-2 is axial transmission but is also valid over the entire lens field.

Other elements affecting flare energy include a transmission grating,

quartz window and plane mirror. If a good quality blazed transmission grating

is used, about 55% of the incident light can be diffracted into a given order.

The quartz window will absorb about 5% of the near ultraviolet and visible

light. An aluminum mirror will reflect about 85% at 35OOA and 88% in the

near infrared (Reference 3). Total transmission of the system can be determined
as follows:

T = (Tg) (Tw) (Tc) (Tin) (4.3-11)

where:

T = grating transmission
g

T = window transmission
W

B_rh"JW_ I .o. _-100690-2
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T - camera lens transmission
C

T = mirror reflection factor
m

Wavelength interval.- A list of atomic lines bis presented in the Douglas
Report (Reference I). Spectral lines from 3581.2A are included. Of particular

interest to selenologists is the ability to predict the relative abuDdances of

silicon andaluminu_ from a flare event. Unfortunately, the most easily ex-
cited atomic emission lines of silicon are below 3000Aand hence cannot be .

detected with the existing camera lens, which_la opaque t9 energy below 3000A.

The only readilyexcitable Si line above 3000_ is at 3906A, and it requires 5.1

ev to excite it. The flare reaction can excite nearly all available lines with

excitation potential less than _ ev, and many with potentials between _.0 and
_.6 ev. Magnesium lines are the only ones available with potentials greater

than 5 ev. Thus higher reaction temperatures than have been attained experi-

mentally, to date are required to obtain relative abundance of silicon. Mole-

cular bands, such as silicon fluoride, could possibly yield this information.

Aluminum lines, on the other hand, can be found at 39_A and 3961.5A.

Alun_num oxide and aluminum salt bands of_InterestAa/l lie in the region below
600OA. The wavelength interval from 3500A to 6500_ has been used for computa-

tion purposes. It is believed that data f_ the flare experiment will fall in

this range (Reference 5).

Plate dispersion.- An expression for the angular dispersion of a grating

can be readily obtained from the classical grating equation (References 6 and 7):

+- - d Csin + sin@ ) C .3-12)

where:

+

- n - spectral order

= wavelength of light

d = grating constant _distance between
grating rulings )

= angle of incidence

= angle of diffraction

Assuming c_ to be constant then differentiating the grating equation and rear-
ra_ing, the angular dispersion can be found:

d_ • n (_.3-13)
d d cos@

of tke eemsx_ e_a ke fousd _i_ the eener_ fe_l
d

The linear dispersion c(-_)

le_h fc as fellows:
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d $ fc n f
I C:

d_ d _ d cos

Again using the grating Equation (_.3-12) this becomes:

d_ f (sin_ + sin _ )
__ : e (_.3-15)

d_ _cos

The reciprocal linerar dispersion or plate dispersion as it is sometimes
called is :

d co,

d_ fc (sine4 + sin _ )

where K is measured in _mm. _ is defined as the wavelength in angstroms of

the center of the spectral region, to be studied.

A high dispersion instrument is needed_to obtain reliable data from the

flare event. Dispersion on the order of 20A/nsn is desirable, but some data can

be obtained with a medium dispersion instrument (-_ 120A/ram). The camera has a
fixed focal length of 610 .nnn,so assuming a grating can be ruled with 600 lines

per mm and blazed for 5000A in the first order (n- i), the best dispersi?n
that can be obtained with this camera is about 25A/ram. To observe a 3000A band,
this requires about 120 mm of the film format.

Spectral resolution.- The spectral or wavelength resolution is the minimum

wavelength difference necessary for two features in the spectrum to appear
separate on the record. The theoretical limit to spectral resolution is de-

termined by the grating used. The theoretical resolving power is given as
(Reference 6) :

= n N (4.3-17)/_"A

where:

- wavele h

A'_ = spectral resolution limit (A)

n = spectral order

N = total number of lines on the grating.

D2-100690-2
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For a 5-inch grating with 600 /ram bla_ed for 50OOA in the first order, the
resolution limit due to the grating is O.OTA.

The wavelength resolution is set by the photographic subsystem, however,

rather than the grating. The spectral resolution when fixed by the camera
system is given as follows :

A'A = F r K (_.3-18)

where:

F r = linear resolution element (-_)

0

K = linear reciprocal dispersion (A/ram)

O

If the camera resolution _s 75 _ p/l and dispersion of 25A/re., theoresult-

ing spectral resolution is O.3A. Resolution capability of at leas_ 0.SA is
desirable, but some data can be obtained from an instrument with 3A resolution

(Reference i). High resolution is necessary to separate two adjacent lines well

and to detect weak lines above the noise.

The attitude rate of the vehicle could contribute to a decrease in spectral

resolution by smearing the spectra in the direction of dispersion. This contri-

bution is small, however, amounting to less than 10% of a resolution element.

4.3._ Su_.- The effects of linear reciprocal dispersion of the instru-

ment on required energy at the film is shown in Figure _.3-3 (see Equation

_. 3-3 ) where:

e = 8 x i0 "I0 watt-sec.
2

w = 2.5 x i0 -I mm

O O

( - " 3500A)

(average exposure required to _roduce
density = 0.2 above gross fog)

Figure _.3-_ shows the relation between total flare weight, range and

energy reaching the film (see Equation _.3-7). Figure _.3-5 has been included

to allow conversion from reactant weight to total flare weight includi_ the

envelope enclosing the reactants. The following parameters have been used:

T - 0.55
g

T = 0.95
W

T
C

- 0.35 (average transmission over region of interest)

T - 0.85
m

_e-loo69o -2
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The result is a total transmission factor of 0.155 for the entire system.

The diameter of the camera lens Dc is 109 mm.

The result of the study has been sun_mrized in Figure 4.3-6 where the

relation between total flare weight, range, and dispersion or resolution is

shown. These curves show that to detect a flare using the camera at maximum

dispersion of 25A/mm and a range of 46 km, a 7.7-pound flare is required. If

range is increased to 80 km, flare weight is increased to about 20 pounds.

Lower dispersion is achieved using a grating with a smaller number of

rulings. Some useful data can be obtained with a 225A/mm dispersion. A 1.25-

pound flare will radiate sufficient energy if observed at a 46 km range. If

the range is increased to 80 km, the flare weight must be 3 pounds. It is

assumed that up to _ flares are required to yield sufficient information about

surface composition.

h.3.5 Instrumentation.- The instrumentation to obtain spectral data from

the flare experiment nonsists of the existing Orbiter photographic subsystem

with the addition of a transmission diffraction grating. Two possible posi-

tions exist for the grating: in front of the camera lens and behind it. Two

problems arise when the grating is placed between the lens and film. One,

possibly the most stringent, is the lack of room. It is certain that the

photo subsystem must be redesigned to allow sufficient area for the grating.

The fact that the grating is placed in a diverging beam brings about the second

problem. The phenomena is no longer Fraunhofer diffraction because the light

incident on the dispersing element is not parallel. Focusing and calibration

could, therefore, be a problem (References 8 and 9).

Because of the problems inherent in placing the dispersing element behind

the lens, the position before the lens has been chosen. Light incident on the

grating is now approximately parallel due to the relatively great distance from

the source. Figure _.3-7 shows an optical schematic of this arrangement.

The position of the grating with respect to the camera lens depends on the

dispersion and, therefore, on the particular grating. If 25_/mm dispersion is

to be obtained at normal incidence, the grating must be tilted 17.5 o from the

camera optical axis. Ideally, the grating is placed between the window and

camera lens inside the photographic subsystem.

To ensure that all available energy is collected and recorded, the angle

of incidence must not vary more than ±&.6 degrees from normal incidence ( = O°).

The flare impact point must, therefore, lie within t4.6 degrees of the orbital

plane and ±2.5 degrees along the flight path (_3.7 km cross-range and ±2.1 km

downrange at 46 km slant range). These values are for the case of 25A/mm dis-

persion. Required iml_act areas can be found in Table _.3-i and Figure 4.3-8

for various range and dispersion values. Figure _.3-9 has been included to

compare the field of view for the 2_°inch csmerawith and without _he diffrac-

tion grating.

_gA_["s'_'. De'i00690"2203
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TABLE 4.3-1

I]._2ACTAREA REQb'_ VS. RANGF,AI_D_-GCIPR0_J_LI_FF.ARDISP_--qSION

PJ_;GE

(_,:0 i[ 25 i/== Y " i
_jr ! 50 a/z_ 75 a/_ __:

+

2O

46

60

150

3oo

400

600

+

o.9oDdII± o.9

1.6 CR I + 2.44

+_ 2.07 DR

± 5.7 Ca

± 6.8 DR

I + 12.1 _q

I ± 13.5DR

I'

+ 24.2 CR

! + 20.3 DR

I

+ 56.5c2

'I

; ± 27.0 DR

+ 48.4 _

± 2.07

__ 0.9

+ 2.88

+ 2.07

± 5.61 ± 6.62

+ 6.8

+ 18.29

± 20..5

+_ 48.78

.5",_ .O

-_ 11.52

+ 6.8

+ 21.6

I + 27.0
! --

± 86.4

+ 12.72

+ o.8

23.52

15.5

± 47.7

± 20.3

± 63.6

I
I + 6.8:52

+ 25.07 C-{

20.3 DR

+ oo. 8 C::

i
± 27.0 |-- 27.0 D2

+__9.5.4 1± lO0.._

- G'_O g s_:a.'16e
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The size of the grating is determined by the angle of diffraction, size of
the camera lens and allowable deviation of angle of incidence. A ruled area of

5-1/& inches on a side has been calculated. The grating blank is assumed to be

quartz and will weigh 2 pounds. The associated mounting hardware required is
approximately 4 pounds.

4.3.6 Conclusions.- Obtaining spectral data from a flare event is diffi-

cult with the existing orbiter photo subsystem. Factors affecting the success
of this experiment are low sensitivity of the emulsion and short wavelength

limit of the optics. To obtain spectral information at relatively low disper-
sion (225A/nxn) and wavelength resolution of 3A, up to 4 flares, totaling 5

pounds will be required assuming a slant range of 46 ks. In addition to this,
the grating and mount weighs 6 pounds. This is the minimum cost to the vehicle

not including additional equipment necessary to store and fire the flares.

4.3. 7 Problem areas.- Several problems have been generated during this

study. Among the problems affecting the design is the grating mounting position.

If the grating cannot be located inside the photo subsystem, it must be mounted
outside in front of the window. This means it must be provided with radiation

and micrometeoroid protection. Since the grating is now not an integral part of

the camera, it my be more difficult to maintain a rigid mount with respect to

the camera lens. Therefore, grating mounting tolerances with respect to the

camera and spacecraft axes must be determined.

The existing camera is equipped with a constant-velocity variable-slit

focal-plane shutter. For this shutter, slit widths of 2, 1 and 1/2 inches can

be selected by coa_and. These slit widths result in exposure times of 1/25, 1/50,

and I/I00 second, respectively. The shutter is capable of completing each

cycle (forward motion and return) in 0.i second and cycles at a maximum rate of

one operation per 1.6 seconds (Reference 4). For the flare experiment, the

error in time of impact due to injection dictates the required shutter time.÷
If for instance this error is -5 seconds, the 2-inch sllt width is required at

a shutter speed of about i0 seconds. This relatively long exposure time results

in a possible redesign of the shutter mechanism. Exposure times of this order

also means that reciprocity affects in film cannot be ignored.

An additional problem exists if the flares are deployed in groups to achieve

a "shotgun" effect. To be detected by the film, each flare in the group must be

sized from Figure 4.3-6 as for a single flare. The flares must be sufficient

distance apart on the surface not to cause overlapping spectral data on the

film. Spacecraft velocity, slant range and required spectra& widening dictate
the required flare dispersion pattern on the surface. The dispersion pattern

requirements have not yet been established.

4.3.8 Recommendations.- The problem of detecting faint objects with a

photographic film involves choosing that exposure point on the film which yields

the greatest output signal-to-noise ratio. In selecting the exposure point to

produce a density of 0.2 above gross fog, it was assumed that sufficient signal-

to-noise would be obtained. A detailed theoretical signal-to-noise calculation

should be performed, including noise due to background light from the Earth.

This noise has been ignored in this study because it changes the fog level by

_mg.__R I .o, ])2-100690-2
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0.02 above the original base plus chemical fog. Therefore, the original ex-
posure point of 0.2 above gross fog is still conservative. A detsiled calcula-
tion, however, would determine how conservative.

Further study is also necessary on an experimental level. S0-243 should

be tested for;Its low-light _evel response over the entire spectral region from
at least 3000A to about 7000A. The grating-lens-film combination should also

be tested with short duration, low-energy sources.

• J"J',_"l_ 1No. Z_-10069o-2
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LUNAR ORBITER COMMUNICATION MODIFICATIONS FOR THE
LUNAR FLARE EXPERIMENT

INTRODUCTION

The referenced correspondence establishes the requirement to record and playback
data from the flare experiment (paragraph B-4)0 The transmitted data is divided

into realtlme and playback modes° The "time to first peak" is realtime data and

the "temperature of first peak" is recorded data.

The discussion is based on the following requirements :

1) The time to first peak data (realtime) requires one channel of the
communication subsystem to pass a signal with a minimum rise time

of 4.5 microseconds. In bandwidtk (BW) terms;

BW = 1/tr
BW = 222 KHz

The existing Lunar Orbiter communication subsystem has a bandwidth
of 230 KHz.

2) The temperature of first peak data requires three or six channels

(recorded) with a minimum response of 0.33 milliseconds. In band-
width terms;

BW -- 3 KHz.

3) A maximum recording time of sixty seconds is required to allow for
flare impact time dispersions and data acquisition.

4t Simultaneous pointing is required for Spacecraft to Earth high-gain

S-band antenna and the camera to flare impact area.

5) The Lunar Orbiter camera subsystem data is transmitted as in the

existing communication subsystem.

_AFIW_ I NO. D2-I00690-2
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SUMM_.RY

A summary of several tape recorder-reproducers, available for space applications is given
in Table I. Core memory and wire recorders have been eliminated because of better per-

formance, weight and volume of tape recorders for this application.

A seven track loop type recorder-reproducer with 90 seconds of recording time capability

and 200 Hz to 3000 Hz response capability is available from existing hardware. Additional

ground commands and subsequent Lunar Orbiter programming revisions are required to allow
record and playback modes as well as selection of real-time or recorded data (Figure 1)
for transmission° Recorded data is presented to the modulation selector sequentially

(channel by channel basis) so that only one subcarrier channel is required in the RF portion

of the system. The time to first peak data will be presented directly to the video channel
through appropriate interface equipment. Total weight, including interface equipment, is
5.0 pounds.

TECHNICAL DISCUSSION

The relatively narrow-band response requirements (3000 Hz) allow a choice of several manu-

facturers for tape recorder-reproducers. Core memory storage has been eliminated due to

the additional equipment necessary to perform analog to digital conversion prior to storage,
and additional changes to the existing Lunar Orbiter communication subsystem. Wire re-

corders have also been eliminated due to limited capabilities and subsequent manufacturer
de-emphasis in recent years.

No severe weight, power or volume constraints are necessary for the addition of a tape
recorder-reproducer. The two types considered are the (1) reel-to-reel; and (2) endless
loop. The reel-to-reel machine requires programming to allow for record, rewind and re-

produce modes. The loop machine may run in one direction with end of loop sensing to
stop the tape so as not to erase data already recorded. For short term recording of data

the loop machine provides the most reliable operation.

Recorder Characteristics

The following characteristics summarize a typical (Raymond Engineering Model 1849) tape
recorder-reproducer for space applications:

Wow and Flutter

Bench Conditions ......... 2% peak-to-peak
Extreme Environment ......

Tape Speed ............

Tape Speed Accuracy ........

Tape Capacity ............
Tape ...............

Recording Time (Estimated 3 db response)

5% peak-to-peak
30, 15, 7-1/2, 3-3/4 ips.
:k 0.5%

100 ft.

I/2 or 1 inch 1 mit Mylar base.

40 seconds at 30 ips. (0.2 to 45 KHz)
90 seconds at 15 ips. (0.2 to 22.5 KHz)

180 seconds at 7-1/2 ips. (0.2 to 12 _Hz)
360 seconds at 3-3/4 ips. (0.2 to 6 _Hz)

B'all, 'O J"o. ].oo690-2
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Start Time ...............

Stop Time ................

End of Tape Sensing ...........

Power Requirements . ..........
Weight .................
Volume ................

From rest to 15 ips -0.5 sec.

From 15 ips to rest -0.5 sec.
Stop or reversal at either

end of tape.
9 watts maximum

3 pounds maximum
Less than 150 CUo in o

Pro_rammin_ Characteristics

The loop machine requires programming for record and reproduce modes. In addition,

programming is required to switch from real time to recorder data, and select one
recorder channel for transfer to the RF subsystem (Figure 1)o The estimated weight

for additional related interface equipment is 2 pounds°

SIGNAL

FLARE TIME TO FIRS[ SELECTOR ,

PEAK SENSOR DATATNPUT CH._,NNEL\

SENSOR l- _ RECORDER/ l

DATA _- __REPRODUCER
INPUTS - I °SPARE

RECORD _ I REPRODUCE

COMMAND .__.%,__., COMMAN D,ooo
EXISTING
L.O. PHOTO

SUBSYSTEM

EXISTING

L.O. COMMUNICATION
SUBSYSTEM

FIGURE 1. BLOCK DIAGRAM OF TAPE RECORDER / REPRODUCER
MODIFICATION FOR LUNAR FLARE EXPERIMENT°

REFERENCE: Memorandum 2-1590-00-0h9, olus Attachment, dated May 19, 1966;

E. J. Nicholson to the NASA Contract, "Contract NASA 6216 Report

of Meetings between NASA and Contractor Personnel held 26-27 April

1966, Concerning Study Contract of Lunar Orbiter Adaptability to

Exoeriments to Evaluate Lunar Surface Characteristics"
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SPACE-GENERAL CORPORATION, LUNAR SURVEY PROBE DELIVERY VEHICLE

Introduction

In the accelerometer-penetrometer type of lunar surface probe a so-called

delivery vehicle is required to perform the following general tasks:

• Transport a payload of several penetrometers from an orbiting parent

vehicle to the area of the surface to be investigated.

Release the penetrometers with a low (or zero) vertical velocity from

a predetermined altitude so the impact velocity will approximate, within

narrow limits, the desired value. In effect, to provide a seml-soft

landing for the penetrometers.

In some concepts, the delivery vehicle must hover for a brief additional

time in order to provide a communication llnk for relaying the impact

acceleration data from the penetrometers.

Before proceeding with a design concept for a delivery vehicle for use with the

Lunar Orbiter, another delivery vehicle having similar requirements was reviewed.

This vehicle, which is the result of a study by Space-General Corporation, was

intended for use with the Apollo CSM, ]he only available information on tbls

vehicle is contained in the referenced report, which is a copy of the figures

which accompanied the final oral report• The following description is our

interpretation of the control concepts and flight sequence employed in this

delivery system,

System Description and Flight Sequence

Prior to separation from the Apollo CSM the gyros in the "strapped-down" inertial

reference unit (IRU) are started, the flight program is stored° The cold gas

reaction control system activated upon separation and a programmed attitude

maneuver is accomplished (by torquing the gyros) to orient the vehicle for first

retro firing. The first retro motor is then fired by a programmer signal° During

the firing, pitch and yaw attitude is maintained and thrust misallgnments com-

pensated by a high-level, hydrazine, reaction control system which responds to

error signals from both the gyros and a pendulum-type sensor in the IRU. Roll

control is by the cold gas reaction jet system. During the firing, the velocity

change, as sensed by an integrating accelerometer, is monitored by the programmer_

After burn-out the velocity increment is trimmed to the desired value by four,

75 lb, thrust, hydrazlne, vernier retro nozzles. Two seconds later a 180 _

attitude maneuver is accomplished as the vehicle coasts for approximately 625

seconds in a descent transfer trajectory. The second, and much larger, velocity

change is then accomplished in exactly the same manner. The first stage motor case

is separated prior to second stage ignition since it is mounted inside the second

stage nozzle. This second retro firing removes tb_ total horizontal component of

velocity and, since the vertical component is negligible, the vehicle starts a

free-fall from this point about 13,000 feet above the desired impact area_ A 90

degree pitch over is programmed at this time to align the vehicle vertically.

An altitude marking unit (AMU) senses when two pre-set values of true altitude are

reached (9000 ft. and 5200 ft.), A descent timing unit (DTU) uses the elapsed

time between altitude marks to compute the velocity change (/kV 3) required to

reduce the vertical velocity to zero at the penetrometer release altitude of

270 feet, The proper value of_V 3 can be found from a solution of the following

D2-100690-2
REV LTR _c'J_l_°'
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System Description and Flight Sequence (Continued)

equation, the derivation of which is given in the appendix:

h I _ h 2

_V3 = _t + 21 g' _t + q2 g'(h 2 - h 3)

where:

h I = first altitude mark

h 2 = second altitude mark

h 3 = penetrometer-release altitude

g# = lunar gravitational acceleration

At = time interval between first and second

altitude marks

For a constant thrust system, the third retro ignition must take place at precisely

the right time if the desired combination of zero velocity at 270 feet altitude Is

to be achieved. The ignition delay time (t), after the second altitude mark,
s

can be computed from the following equation also derived in the appendix:

where:

= g' q2 (h 2t s - h 3)

WSB = vehicle weight at start burn

I S = propellant specific impulse

F = retro thrust

g = Earth gravitational acceleration

(other symbols previously defined)

After the time delay, t_, the third retro firing is initiated. The propulsion

system in this case is _he same hydrazlne system (four 75 lb. nozzles) used for

velocity trim in the first and second retro firings. The penetrometers are re-

leased when the desired value of AV 3 is attained as indicated by the integrating
accelerometer, The thrusting continues for seven seconds to ensure that the

penetrometers impact before the next operation in the sequence. After cut-off an

undefined lunar surface probe capsule payload is released. One more firing is

then initiated, accompanied by a pitch-over maneuver , presumably to prevent the

delivery vehicle from impacting on or near the capsule.

To gain some idea of the data handling and storage requirements, Table I was made.

This shows the magnitudes of the various quantities mentioned in the sequence

description together with bit requirements for the estimated required accuracies

shown.

REV LTR _p_m.#AV_, j No. D2-I00690-2
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Reference: Final Report Oral Briefing, 29 November 1965_Lunar Survey Probe

Delivery Vehicle Study_Contract NAS 9-4897; Space General Corporation.

Prepared by: D. F. Sears. May 19. 1966
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BASIC DATA FOR PENETROMETER DROP DELIVE_RY
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SUMMARY

Basic data pertaining to the "drop delivery" considered for the penetrometer are

presented herein. In this type of delivery, the spacecraft and the penetrometer
are initially in the same orbit. The nominal Lunar Orbiter photographic orbit,

1850 - 46 k_, was chosen for this study. A small retro AV is applied to the

penetrometer at apolune of the initial orbit, placing it in an intermediate

ellipse with an apolune altitude of 1850 km. At perilune of the intermediate

orbit a large retro _V, equal to the orbital velocity, is applied. Since the

resultant penetrometer velocity is zero (nominally), the penetrometer drops to
the lunar surface. The perilune altitude of the intermediate orbit is referred

to as the "drop altitude" in the following discussion. The sketch below illus-

trates the sequence of events in this "drop delivery" scheme.

Initial Ellipse

Intermediate _ _@

Q ist AV

__ S/C Orbit

_-_ Drop Altitude

PENETROMETER DROP DELIVERY

DISCUSSION

I_::pact Velocity:

The l,pact velocity depends only upon the altitude from which it is dropped. In
this study, the penetrometer is dropped from the perilune of the intermediate orbi

Figure I, gives the impact velocity for drop altitude from 0 to 50 kms.

Ii:,pact Velocity Control:

Since the impact velocity depends only upon the drop altitude, control of the

impact velocity is equivalent to controlling or accurately predicting the drop
altitude. The sensitivity of impact to an error in drop altitude is also given

in Figure 1. The sensitivity increases with decraasing drop altitude; for

example, at a nominal drop altitude of 2,5 km, a lO0-meter altitude error causes
a 1.95 m s error in impact velocity. At a nominal drop altitude of 40 km, a

lO0-meter altitude error produces a .45 m/s error. The acceptable uncertainty in

drop altitude then depend| upon the nominal drop altitude and the maximum

acceptable uncertainty in impact velocity.

REV LTR
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Drop Altitude Control:

The velocity required at apolune to acquire a specified drop altitude is

illustrated in Figure 2. As can be seen, this impulse is small. However, the

error in drop altitude is quite sensitive to errors in the magnitude of the

velocity increment. Figure 2 also gives this sensitivity for nominal drop

altitudes from 0 to 50 _. For this range of drop altitudes shown, an error of

±1 m s in the _V at apolune results in about a ±5.5 km error in the drop altitude

Errors in the direction of the _V at apolune have a negligible effect on the drop

altitude. Once the uncertainty in drop altitude is known, the uncertainty in

impact velocity can be found from Figure 1, top.

Variations in Drop Altitude Due to Orbital Perturbations:

The non-spherical lunar gravitational and third body effects of _e Earth cause

a continuous fluctuation in the seml-major axis and the eccentricity. This

results in a continuous variation in the unperturbed perilune altitude. Figure 3

shows a typical time variation due to the lunar gravitational potential (Clarke's

Model) and Earth effects. The vehicle would reach the unperturbed perilune

altitude shown for a given time, if the perturbations vanished at that time. For

example, in the case shown in Figure 3, the vehicle is injected into orbit at

apolune: altitude - 1850 km. The initial unperturbed perilune altitude is 46 km.

However, as the vehicle progresses around the orbit, the unperturbed perilune

altitude decreases. By the time the vehicle reaches perilune, the perilune

altitude is .68 km less than the initial unperturbed altitude.

Since this effect is significant, and can be predicted, it should be included

in mission planning. Also, by careful selection of the initial orbit orientation,

this effect can be minimized.

Total Velocity Required:

Figure 3, bottom, gives the total velocity required to complete the penetrometer

"drop delivery" for drop altitudes ranging from 0 to 50 km. This requirement

is the sum of the apolune _aneuver requirements shown in Figure 2, and the

velocity incre,ent required to completely cancel the vehicle's orbital velocity

at perilune. Although the perilune inpulse is very large, the effect of errors

in the magnitude and direction on impact velocity is negliglble. (Velocity

require_ents for T_aneuvers performed off-apolune are included in the Reference i.)

CONCLUSION

Once the nominal impact velocity and the allowable uncertainty in velocity are

known, the drop altitude and the allowable uncertainty in altitude can be

determined. Prediction of the drop altitude should include the effect of the

non-spherical gravitational potential, and the Earth. This effect can be mini-

mized by careful selection of the initial orbit parameters. Uncertainties in

the size of the impulse at apolune cause significant uncertainties in the "drop

altitude." If this velocity increment cannot be controlled with sufficient

precision, ways of reducing this sensitivity must be investigated.

REFER2NCE

i. Coordination Sheet 2-5763-I-CS098, "Use of Lunar Orbiter for Lunar
Surface Penetration Experiment," August 17, 1965

• Prepared by T. J, Miller, 2 1766
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PENETEONETER. STUDIES
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PENETR.OMETER. STUDIES
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U.H.F. ANT_NA OOVERAGE _0R P_ETROMETER-TO-LUNAR ORBITER 00MMUNICATION

LINK

I_n_RODUCTION

The referenced letter establishes the requirement to determine a suitable

L.O. UKF antenna configuration to receive the Penetrometer-tc-Lunar Orbiter

telemetry data signals from the accelerometer waveforms at time of impact

(paragraph A-7 of reference). The antenna will provide dual polarization for

reception of the penetrometer signals for diversity combining.

The antennas shall provide a load impedance of 50 ohms with an allowable VSWR
at the receiver of 2:1 over the frequency rang_ of 430 MHz to 460 MHz. The

purpose of this dlscussiau is to identify the UHF antenna requirements which

impose constraints on the spacecraft and penetrometer trajectories and the

spacecra/t attitude. The discussion is based on the consideration of the

following three configurations:

Configuration I: Fixed-Antenna Pointing Normal to the Lunar Surface (Figure i)

Configuration 2: Fixed-Antenna Pointing 50" from the normal to the Lunar Sur-
face (Figure 2), and

Configuration 3: Sweeping_Antenna Pointing at Preselected Angles as a _-_nction

of Time (Figure 3) (Angular rotation limited to + 50" from
normal to the Lunar surface. )

These configurations have been considered on a relative basis to allow compari-

son end visibility in selecting a final configuration. This approach was based

on the following assumptions to provide a realistic comparison:

i) The altitude of the L.O. spacecraft trajectory is constant in

the vicinity of the penetrometer impact area.

2) The perilune velocity of the L.O. spacecraft in the vicinity of

the penetrometex impact area is a constant 2 KM/sec.

5) The penetrometers will fall within a circle one kilometer in diameter.

4) The UHF antenna coverage area must be sufficient to account for the

area and time dispersions of the impacting penetrometers, spacecra/t

position and antenna pointing errors relative to the impact area at

time of impact.

s) The antenna pattern is conical with a circular cross-section. The

maximum _d_ antenna gain is limited to + 16 db (26 degrees beamwidth)

to provzde realistic limitations of size and weight to be added to

the L.O. spacecraft. UHF antennas with a + I0 db (52 degrees beam-

width) gain have been desired for bandwidths of greater than 500 MHz

with a weight of 4.3 pounds.

m  "INO 1.o m-loo69o-a
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6)

7)

The link margin of + 13 db includes allowances for a -3 db vari-

ation of UHF antenna gain, attenuation of penetrometer signal

due to burial and other system tolerances. The acceptance of a

+ 13 db link margin is contingent on the approval of laC as

requested in the reference memorandum. However, unless otherwise

notified the +13 db will be used as a basis for design. Since a

+ 18 db link margin was also mentioned by NASA, it has been in-
cluded.

The downlink transmission of telemetry data to Earth via the

high-gain S-band antenna ma_ be accomplished by either one of
the following two methods.

Real Time Transmission

The S-band antenna must be pointed to Earth and

the UHF antenna must cover the impact area at

time of impact simultaneously

Record-Pla_vback Transmission

The S-band antenna may be pointed at Earth after

data acquisition to avoid the simultaneous antenna

pointing requirements by use of an on-board re-
corder. The information would be recorded for

data acquisition followed by playback at a later
time.

SUMMARY

The detailed approach and results are described in the technical discussion

and m_y be sunmarized as follows:

l) The trade between antenna gain, which determines maximum
communication range, and antenna beamwidth results in

approximately a constan'ground coverage capability as
altitude is varied (Figure 4, typical). However, higher

gain antennas such as + 16 db do result in higher altitude

or range capability.

The inclined pointing antenna does not allow a greater ground

path coverage than the fixed normal pointing, but does require

a lower altitude for the same beamwidth (Figure 6,typical).

_mJW_' I .o.

I SH.
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2) The viewing time of the impact area is approximately 12
seconds for fixed antenna pointing whether the beamwldth is

26 degrees or 52 degrees, and regardless of normal or in-

clined antenna pointing (Figure 8). However, the viewing time

for a sweeping antenna is 55 seconds for a beamwidth of 26°
and 19 seconds for a beamwidth of 52" (+ 15 db link margin).

It should be noted that although an increase in viewing time

results with the use of a sweeping antenna, there m_y be a

significant weight penalty compared with the fixed pointing

cases. Preliminary information indicates that a 52 ° beam-

width antenna would have minimum dimensions of 0.75 feet

diameter by 2.2 ft. in length and a 26 ° beamwidth antenna

would have minimum dimensions of 0.75 feet diameter by 9 ft.

in length.

A _mmary of the results are shown in Table i for the three configt_ations

which were considered. Additional work on the antenna configuration will

be suspended until the following information is available_

I) LO spacecraft postion uncertainties relative to penetrometer

impact area during data acquisition time,

2) LO spacecraft LnIF antenna pointinguncertainties relative
to impact area during data acquisition time,

3) LO spacecraft nominal trajectory during data acquisition
time,

4) Penetrometer area and time dispersion (5_value) from

nominal target area and impact time, and

5) The desired configuration for transmitting the data to Earth

_I real-tlme transmission, orrecord-plso'back transmission.

Bmwl I.o. D2-100690-2

],.. 2S9
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TEC_I CAL DISCUSSION

l.0 Fixed Antenna Pointing Normal to the Lunar Surface

Figures 4 and 5 show the constraints on spacecraft altitude, rsnge, and

_oTOUnd path length for various beamwidth (gain) antennas. The following

definitions apply:

Altitude (h) Normal distance of spacecraft

from Lunar surface, in kilometers

Slant Range (R) Distance measured from spacecraft

where antenna gain is 5 db down,
in Kilometers.

Ground Path Length (_) - Diameter of cone shaped beam as pro-

jected on Lunar surface, in Kilometers

Coverage Area (A) Area of beam as projected on Lunar

sttrface, in square Kilometers for

- 3 db beamwidth

@ = - 3 db Beamwidth in degrees

From Appendix:

*RI5

*RI8

h i

A

143o
@

@

R Cos _
2

@
22 s_-_

]FR 2 Sin 2
2

(1)

(2)

(3)

(4)

(_)

Sin @/2 and for @ between
From equations (1, _) it is noted that _ varies a_ O

26° and 52°, this variation is small. For this reason the ground path length

and coverage area do not increase significantly with altitude.

* Subscripts refer to llnk margin in db.

maw__..#Ayjg [ No. D2-1006_::_-2

I,H. _2
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2.0 Fixed Antenna - Pointin_ 50" from Normal

Figures 6 and 7 show constraints on spacecraft altitude, range and ground path

length for various beamwidth (gain) antennas° The same definitions apply as

for the normal pointing case with the addition of:

Inclination angle from normal to Lunar surface

in degrees (50 degrees).

From Appendix:

h _ R Cos ( _ + _ ) (6)
2

From equation (6) it is noted that due to the fact that R13 and RI8 are

constant for a given beamwidth, h must decrease when an inclined beam is

considered. This fact indicates why inclined antenna pointing requires lower

altitudes than normal pointing. The inclined antenna has the advantage of

all owlng the penetrometer impact area to lle ahead or behind the L.O. spacecraft
at $1me of impact.

3.0 Sweepin_Antenna_30" from Normal to Lung. Surface

(7)

Figures 4 through 7 show only constraints due to fixed antenna geometry. For

the sweeping antenna case the geometry is defined by these constraints, i.e.,

if the antenna starts its sweep from the 30" inclined position, altitude, range

and ground path length are constrained to be those of the fixed inclined case

(Figures 6 and 7). Of course, this is true for only one instant in time. How-

ever, due to the previous assumption of constant altitude flight path at impact,

the altitude for any time during the pass is equal to that required at the _ 50"

inclination angles.

_he ground path length will vary as the spacecraft passes over a target due to
the antenna sweeping (Figure 3)- In order to determine the advantage of the

sweeping antenna over the fixed cases, it is necessary to assume a coverage

area or path length and a spacecraft velocity. These ammmmptions allow a

comparison of the viewing time for each case.

N,_gN_ I"o. D2-io069o-2
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The total viewing time is considered to be the time period when the

penetrometer impact area is entirely within the antenna beamvidth.

From the Appendix (Section F), the total viewing time i3:

V

where _c = i Mm

v = 2 km/second

Figures 8 and 9 give a comparlsonof viewing times for the fixed add

sweeping antenna.

I SN.
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A_P_DI X: Fixed Antenna Pointing - Link Calculations for Figures 4, 5, 6
and 7

A) Link Analysis

PENETROMETER - LUNAR ORBITER (f = 450 _[z)

Transmitter Power

Transmitter Circuit Loss

Transmitting Antenna Gain

Polarization Loss

Free Space Loss

ReceivingAntennaGain

Received Signal Power

PT - 3.0 dbw

LTR - 1.0 db

G_ - 3.0db

_OL - }.0db
LFS -85.7 - 20 Io@ R(R_I _I)

% %

PREC -95.7 - 20 log R + GR (dbw)

Noise Spectral Density

System Noise Figure

IF Bandwidth (7OOK Hz )

Signal-to-Noise (IF)

Margin

Received Noise Power at

Threshold

For Maximum Range

-95.7 - 20 log R + GR

for M = 15 db

kt - 204 dbw/cps

F 6 db

BIF 58.5 db

(C/N)IF 12.0_b
M M

P_m = - 127.5 + M (dbw)

PREC = PTHR

= -127.5 + M

20 log R = -95.7 + 127.5 - 15 + _ = 18.8 + GR

for M = 18 db

20 loz R _ 15.9 + _R (in db)

I SH.

_-1oo69o-2
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B)

for + 13 db Margin

20 log R = 18.8 +

log R = .94 + 0.5 log gr (10 log gr - Or )

R - 8.7 _-

gr

R- 164 @

c) For 18 db Margin

log R - 0.69 + 0.5 log gr

R- 4.9_

@ - Beamwidth

gr

_. I_!4,_% . 8__2_2

R= 805
@

8

//"l'_,x. _ ,, sl,unt ra.,_

" _ - Dismeter of cone bale
Dro_ected on lunar surface

_'[groundpath length)

h - Orbiter altitude

@ @
Path length _ - 2 R Sin-_,! Altitude h - R Cos

rt_ 2
A_ea - A ,, --q-- - _ R2 SL"2 _2

__-----i_"_ I .o. .z-ioo69o-2
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z) VHF Antenna Pointing Other Than 90" to Lunar Surface

fo= Figures 5 and 7

/" / ,/
• ' '1 _"

1 b

h

For + 18 db _gin; For + 13 db _gin

= @ @

h = R cos (_ + --_ )

@

h

--b = tan (_- --_-)@
h

_.+ h_'_(o'--'_-') "

I t

__--E/NO I .o. 1_-1_'2
i,.. 2_7
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Viewimg Time for Sweeping Antenna

d = distance traveled from beginning to end of sweep (kin).

_c - ground path length (kin).

v = velocity of spacecraft (km/sec).

d = vT = v(t t -to)

@ b
cos(#+ -_-)= -_-

at to, tI sin (_+ ) = -_-

d = 2S - Ic

@
=2_sin (_+-F)-_c

@
T- 2 a ,in (_+ -F) - _c

V

REFERENCE: Memo 2-1590-OO-049 and attachment dated May 19, 1966, E. J. Nicholson to

the NASA, "Contract NASA 6216, Report of Meetings between NASA and

Contractor Personnel Held 26-27 Aoril 1966, Concerning Study Contract of

Lunar Orbiter Adaotability to Experiments to Evaluate Lunar Surface

Characteristics"
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VHF ANTENNA COVERAGE FOR RELAY-TO-LUNAR ORBITER COM_JN!CATION LINK

IR_I_ODUCTION

The referenced correspondence establishes the requirement to determine

a suitable Lunar Orbiter VHF antenna configuration to receive the Relay-

to-Lunar Orbiter telemetry signals originating from the penetrometer(s)

(Paragraph A-9 of the reference). _ne purpose of this discussion is to

identify the spacecraft and relay communication characteristics and

trajectories which influence the VHF antenna design. The Lunar Orbiter

VHF antenna will provide for rlght-hand circular polarization and a

nominal load impedance of 50 ohms with an allowable VSWR of 2 :l over

the frequency range of 259.5 MHz to 260.5 MHz.

The discussion is based on the following assumptions:

le The VHF antenna coverage must be sufficient to account for the

position and time dispersions of the Relay and Lunar Orbiter space-
craft.

2. The _ antenna pattern is omni-directional with a minimum of zero

db gain over 90% of the radiation sphere.

.

_e

The downlink transmission of telemetry to Earth via the high gain

S-band antenna is in real-time with respect to Relay transmission.

The distance between the Relay and Lunar Orbiter spacecraft is

185 km or less during penetrometer impact.

5. The Lunar Orbiter spacecraft velocity in the vicinity of the pene-

trometer impact area is 2 km/second.

SUMMARY

The high power Relay transmitter (40 watts) allows the use of a O.0 db

gain V_F receiving antenna on the Lunar Orbiter spacecraft.

To minimize the Lunar Orbiter attitude constraints, it is desirable to

design the receiving antenna for close to spherical (omni-directional)

coverage. Due to the right-hand circular polarized signal transmitted

from the Relay, it is necessary for the Lunar Orbiter receiving antenna

to have right-hand circular polarization. Effective circular polariza-

tion may be obtained with a crossed dipole or canted turnstile

configurations. A crossed dipole configuration (Figure i) can be mounted

on the existing Lunar Orbiter low gain antenna boom. The S-band and

VHF frequencies are sufficiently different that no interference problems

result. Each dipole would be approximately 12 inches long with the

assembly, mounted about _0 inches above the existing Lunar Orbiter low

gain S-band antenna. The additional weight would be less than i pound.

A canted turnstile configuration (Figure 2) would consist of four rods

mounted at angles of _5 degrees from the solar panel plane and 90 degrees

m,_t-gwl;rl No. _-1oo6_:)-2
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from each other in the normal axis. The rods would be stored during

transit to the Moon and extended prior to experiment initiation. The

turnstile weight would be less than I pound. Each rod would be less than

12 inches in length. Due to the short length of each rod, this configu-

ration could also be mounted on the existing low gain S-band antenna

boom. The possibility of mounting either of these configurations on

the spacecraft proper requires investigation to insure that attitude

and existing structure do not result in blocked view of the Relay at

the time of penetrometer impact. To allow for the lack of perfect circu-

lar polarization with the above linear elements, a 3 db polarization

loss has been included in the link calculations (Appendix A).

A potential problem area is the effect of the lunar ground reflected signal

from the Relay on the direct Relay to Lunar Orbiter signal. No estimates

are made in the Fnilco study. The margin (carrier) for Relay-CSM link

is stated as +19.1 db in Reference 2, Table 6.1. This number includes

-9.0 db tolerance for the CSM receiving antenna, and -lO.1 db for other

system tolerances. For the Lunar Orbiter VHF antenna, the negative

tolerance is assumed to be 0.0 db. For the unknown effect of the ground

reflected signal, -9.0 db is added giving a total negative tolerance

(required margin) of 19.1 db.

The Relay path length (diameter of circle projected on the lunar surface

by omni-antenna pattern) as a function of Lunar Orbiter altitude is shown

in Figure B.

REFERENCE : Memo 2-1590-O0-049 olus Attachment, dated May 19, 1966;

E. J.Nicholson to the NASA, "Contract NAS 6216, Report of

Meetings between NASA and Contractor Personnel Eeld 26-27 Aoril

1966, Concerning Study Contract of Lunar Orbiter Adaotability

to Exoeriments to Evaluate Lunar Surface Characteristics"

l ,o. z -zoo69o-2
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FIGURE 1 L.O. V'HF RECEIVING ANTENNA-CROSSED DIPOLE

EXISTING IX)W GAIN

S-BAND BOOM

FIGURE 2 L.O. VRF RECEIVING ANTENNA-CANTED TURNSTILE
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APPENDIX A o RELAY TO LUNAR ORBITER LINK

ANALYSIS (f : 260 • 0.5 MHz)

Transmitter Power (40 watts)

Transmission Circuit Loss

Transmitting Antenna Gain

Polarization Loss

Free Space Loss

Receiving Antenna Gain

Receiving Circuit Loss

Received Signal Power

PT ÷ 16. dbw

LTR - 1o0 db

G T 0.0 db

Lpo L - 3°0 db

LFS - 80.8 db

G R G R

LRC - 1.0 db

PREC

-20 IOgR (R--,Km)

- 69.8 -20 Log R + G R (dbw)

Noise Spectral Density

Receiver Bandwidth (300 KHz)

System Noise Figure

Signal-to-Noise (IF)

Margin

Received Noise Power at Threshold

Kt - 204.0 dbw / Hz

BIF + 54.8 db

F + 6.0 db

(C/N) I F + 9.0 db

M + 19.1 db

PTHR - 115.1 dbw

FOR MAXIMUM RANGE PREC : PTHR

-69.8 -20 Log R + G R = -115.1

20 Log R = 45.3 + G R

Log R : 2.27 + 0.5 LOg gr

R : 186-_r

Example:

gr =

G R =

R =

(,G R : 10 Log gr)

1.0

0.0 db

186 (KM)_ 100 Nautical Miles

Bmt'lA/_' J.o.
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APPENDIX B. GEOMETRY CONSTRAINTS FOR VHF

LUNAR ORBITER RECEIVING ANTENNA

___ LUNAR ORBITER SPACECRAFT

R

h

£

Maximum Range = 186 Km

Spacecraft Altitude (Km)

Relay Path Length

2 (R2 - h2) I/2

m'_--_'#AY_' I .o.
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